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Background: Fritillaria hupehensis (HBBM) is frequently found as an adulterant in 
Fritillaria thunbergii Miq. (ZBM) owing to its similar appearance and lower price, 
resulting in risk of unstable medicinal effects of ZBM.
Methods: A highly specific TaqMan real-time quantitative polymerase chain 
reaction (qPCR) method was established to identify HBBM from ZBM based on 
the 47 bp amplicon located on the internal transcribed spacer region of the 
nuclear ribosomal DNA.
Results: The qPCR assay developed herein could specifically distinguish ZBM from 
HBBM. The sensitivity study showed that the detectable DNA template 
concentration of HBBM for this assay was 0.001 ng/μL.  The efficiency of the 
optimized qPCR assay was evaluated to be 90.2% (R2 = 0.9990, slope = −3.581). A 
standard-curve-based quantification method was established to determine the 
proportion of HBBM adulteration in a binary mixture with ZBM, and the equation 
of the standard curve was determined as y = −3.192x + 18.316 with R2 = 0.9949. 
This quantification approach was evaluated using the ΔCt parameter (difference in 
Ct values between sample and reference standard); furthermore, the test 
accuracy was calculated using the recovery rate that ranged from 81.60% to 
113.85% for mixed powder samples containing different proportions of HBBM (1%, 
5%, 25%, 50%, and 100%). The short amplicon of length 47 bp ensured efficient 
detection and accurate quantification of dried decoction pieces.
Conclusion: The TaqMan real-time qPCR assay developed in this study has high 
efficiency, sensitivity, and specificity; this method is applicable for not only 
authentication of ZBM and HBBM but also quantitative detection of a binary 
mixture or adulterated botanical drugs. Furthermore, it provides a reference for 
qualitative control of other traditional Chinese medicines.
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1 Introduction

Fritillaria thunbergii Miq. and Fritillaria hupehensis Hsiao et 
K.C.Hsia are both officially recorded in the Pharmacopoeia of the 
People’s Republic of China (2020). Their dried bulbs are commonly 
known as Zhe Beimu (ZBM) and Hubei Beimu (HBBM), 
respectively. As members of the Liliaceae family, both plants are 
widely used in traditional Chinese medicine (TCM) for the 
treatment of cough and other respiratory diseases. ZBM was first 
documented in Shennong Materia Medica and is one of the most 
commonly used herbal medicines in China (Nile et al., 2021; Wang 
et al., 2021); it is mainly produced in the southeastern coastal and 
south-central regions, particularly in Zhejiang and Jiangsu 
provinces, and is frequently included in classic formulas such as 
Ermu Ningsou Wan, Juhong Wan, Neixiao Luoli Wan, and Danggui 
Beimu Kushen Wan (Li et al., 2019). In contrast, HBBM is primarily 
cultivated in Hubei, Chongqing, Hunan, and surrounding areas; its 
therapeutic emphasis properties include clearing heat, transforming 
phlegm, relieving cough, and alleviating distension, which make it 
particularly suitable for treating lung heat and phlegm-heat coughs 
in TCM (Zhang et al., 2007).

ZBM and HBBM have been widely used as TCMs for over 
2000 years (Guo et al., 2021; Zhang et al., 2008); both plants share a 
close phylogenetic relationship, which has resulted in highly similar 
morphological characteristics and chemical substances, particularly 
in their bulbs. The bulbs of both plants are small, off-white in color, 
almost spherical, and include many bulbils (Figure 1A). Owing to 
certain differences in their metabolites and pharmacological effects, 
it is essential to accurately distinguish between these two botanical 
drugs to ensure clinical safety and efficacy. Currently, the ZBM 
available in the market is mixed or adulterated with large amounts of 
HBBM, particularly after being processed into decoction pieces and 

preparations. The older identification methods for ZBM and HBBM 
primarily rely on traditional approaches, such as morphological, 
microscopic, and sensory identification. However, these methods 
are largely dependent on experience and yield results with poor 
reliability, which can no longer meet the current demands for TCM 
authentication. Hence, modern physicochemical techniques, 
including thin-layer chromatography (TLC), high-performance 
liquid chromatography (HPLC), gas chromatography (GC), and 
mass spectrometry (MS), have been widely employed to qualitatively 
and quantitatively analyze the tissue structures, ergastic 
substances, and indicative components in TCMs for quality 
control and authenticity purposes (Gao et al., 2019; Li et al., 
2020; Sun et al., 2009). Nevertheless, ZBM and HBBM are highly 
similar in appearance and chemical composition. Studies have 
shown that both plants contain comparable alkaloid components, 
such as peimine and peimisine, which cannot be effectively 
distinguished by TLC or HPLC alone. To overcome these 
limitations, molecular-marker-based methods have been 
developed. Studies exploring the molecular markers and 
genomic characteristics have revealed that the matK and rps16 
genes contain sufficient molecular markers to distinguish ZBM 
from HBBM; by leveraging these genetic traits, it is possible to 
identify ZBM and other Fritillaria species. However, this 
approach is limited to qualitative identification and cannot 
quantitatively detect adulteration (Moon et al., 2018a). In the 
context of botanical drug authentication, quantitative detection 
has great practical significance as it enables not only the 
identification of adulterants but also accurate assessment of the 
adulteration levels, providing essential support for quality and 
clinical safety evaluations. Therefore, it is necessary to establish a 
quantitative polymerase chain reaction (qPCR) method for 
differentiating and identifying these two herbs effectively.

FIGURE 1 
(A) The photoes of ZBM and HHBM; (B) Phylogenetic tree generated from the downloaded ITS sequences.
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The TaqMan probe real-time fluorescent qPCR has become an 
important and widely used tool in food quality control, microbial 
analyses, clinical diagnoses, and other biomedical fields because of 
its obvious advantages, such as reliable specificity, higher sensitivity, 
accurate quantification, good reproducibility, simple operation, and 
faster detection compared to other methods (Garrido-Maestu et al., 
2018; Spanoghe et al., 2017; Tichy et al., 2020; Wu et al., 2017). It is 
particularly suitable for both detecting and quantifying specific 
targets in samples containing multiple species. However, reports 
on its application to quality control of TCMs have been very limited 
till date and have been mainly focused on qualitative detection (Han 
et al., 2016; Moon et al., 2018b; Villa et al., 2017; Wang et al., 2018; 
Zhang et al., 2019). In the present study, we developed a TaqMan 
qPCR method to specifically identify and accurately quantify HBBM 
in a mixture with ZBM. Considering the fragmented nature of DNA 
in processed botanical drugs, a short-amplicon strategy was 
employed to enhance the reliability of detection from decoction 
pieces while providing a feasible tool to evaluate the authenticity of 
botanical drugs.

2 Materials and methods

2.1 Instruments and reagents

The devices used in this study were as follows: real-time 
fluorescent qPCR (Bio-Rad CFX96 Touch); analytical balance 
(Mettler XS204); ultrapure water system (Millipore); ball mill 
(MM400, Retsch); NanoDrop One ultra-micro spectrophotometer 

(Thermo Fisher Scientific); desktop high-speed freezing centrifuge 
(Eppendorf Centrifuge 5427 R); Qubit 4 fluorometer (Thermo 
Fisher Scientific); fully automatic capillary electrophoresis nucleic 
acid analyzer (Qsep100, BIOptic). For the analyses, we used DNeasy 
mericon Food Kit (cat. no. 69514, QIAGEN), QIAquick® spin 
columns (cat. no. 1112323, QIAGEN), spin columns (CapitalBio 
Technology), probe qPCR mix (2×, cat. no. RR392, TaKaRa), and 
sterilized distilled water. The probes and primers used in the study 
were synthesized by GENEWIZ (Azenta Life Sciences).

2.2 Sample collection and identification

The botanical drugs F. thunbergii Miq. (Liliaceae; F. thunbergii 
Miq. dried bulb) and F. hupehensis (Liliaceae; F. hupehensis dried 
bulb) were procured from a planting base, while their decoction 
pieces were obtained from Bozhou medicinal materials market. 
Then, the fresh bulbs were washed, thoroughly moistened, cut 
into thick slices or broken into fragments, and dried. All samples 
were authenticated by Prof. Ye Hui from Taizhou Institute for Drug 
Control. The voucher specimens of all medicinal materials are 
deposited in the Herbarium of the Traditional Chinese Medicine 
Resource Center, Taizhou Institute for Drug Control. A total of 
15 batches of samples were collected, and two batches of standard 
reference were purchased from the National Institutes for Food and 
Drug Control (NIFDC) (Table 1). The representative samples of 
ZBM and HBBM were collected from their main production areas 
covering different geographical regions and processing types to 
support the development and validation of a species-specific 
quantitative detection method.

TABLE 1 Information regarding the samples used in this study.

Species Sample no. Origin Batch no. Location GPS coordinates (decimal degrees)

Fritillaria thunbergii Miq. ZBM-1 Planting base 240526 Haian, Taizhou 32.53° N, 120.47° E

ZBM-2 240527 Jinjiang, Taizhou 32.009° N, 120.263° E

ZBM-3 240527 Haimen, Taizhou 28.67338° N, 121.44034° E

ZBM-4 240529 Dongtai, Taizhou 32.8523° N, 120.3095° E

ZBM-5 Market 240301 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-6 231201 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-7 240229 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-8 24040902 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-9 240102801 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-10 240118001 Pan’an, Zhejiang 29.05368° N, 120.43758° E

ZBM-SD Standard reference from NIFDC 120972–201906 Pan’an, Zhejiang 29.05368° N, 120.43758° E

Fritillaria hupehensis HBBM-1 Market 240301 En’shi, Hubei 30.30000° N, 109.48333° E

HBBM-2 240225 En’shi, Hubei 30.30000° N, 109.48333° E

HBBM-3 2403006 En’shi, Hubei 30.30000° N, 109.48333° E

HBBM-4 240313 En’shi, Hubei 30.30000° N, 109.48333° E

HBBM-5 240403 En’shi, Hubei 30.30000° N, 109.48333° E

HBBM-SD Standard reference from NIFDC 120962–202106 En’shi, Hubei 30.30000° N, 109.48333° E
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2.3 DNA extraction

Before DNA extraction, all bulbs were washed with 70% ethanol and 
distilled water to eliminate any potential PCR inhibitors. After washing 
and drying, the bulbs were ground into a fine powder at low 
temperature. Approximately 20 mg of this powder was then used to 
extract the sample DNA. The DNAsecure novel plant genome DNA 
extraction kit (lot no. A0308A, Tiangen, Beijing, China) was used for the 
genomic DNA extraction, and the purified DNA was dissolved in 50 μL 
of sterile double-distilled H2O. The concentration and purity of the 
genomic DNA were assessed using the NanoDrop UV/Vis 
spectrophotometer (Thermo Scientific, Wilmington, United States). 
The A260/A280 ratio was used to assess DNA purity and 
concentration, and the absorbance ratios of all samples ranged from 
1.8 to 2.0. The genomic DNA extracts were stored at −20 °C until 
further use.

2.4 Internal transcribed spacer sequence 
analysis and primer/probe designs

A total of six internal transcribed spacer (ITS) sequences were 
acquired from GenBank (National Center for Biotechnology 
Information, www.ncbi.nlm.nih.gov/) to assist with the 
identification of species-specific single-nucleotide polymorphism 
(SNP) loci and to provide sequence alignment support for the 
primer and probe designs. The DNA sequences were aligned using 
BioEdit to find specific conserved sites for species identification and to 
identify intraspecific variations (Table 2). The primers and TaqMan 
probes were self-designed by our research group. The hydrolysis 
probes were labeled with FAM (fluorescein) at the 5′ end and 
minor groove binder (MGB) quencher unit at the 3′ end (Table 3).

2.5 qPCR assay development

The annealing temperatures used to determine the optimal 
temperature (or range) for the real-time fluorescent qPCR assay 
varied from 60 °C to 66 °C in steps of 1 °C. The qPCR products were 
visualized using the N1 high sensitivity cartridge kit and fully 
automatic nucleic acid analysis system (Qsep100, BIOptic, 
China). The 11 genomic DNA samples extracted from ZBM 
(ZBM-1 to ZBM-10 and ZBM-SD) and six adulterant HBBM 

samples (HBBM-1 to HBBM-5 and HBBM-SD) were selected as 
the DNA templates for qPCR amplification to validate the 
specificities of the probe and primers. A no-template control 
(NTC) comprising sterile distilled water instead of the DNA 
template was included in each qPCR run as a negative control to 
exclude the possibility of reagent contamination or non-specific 
amplification.

2.6 qPCR validation (specificity, sensitivity, 
and repeatability)

Six series of ten-fold dilutions of HBBM-SD DNA extracts ranging 
from 10 to 0.0001 ng/μL were used to construct the qPCR standard 
curves and determine the amplification efficiency. The standard curve 
corresponding to Ct for each DNA dilution was constructed using 
GraphPad Prism (v6.0) software. The linear correlation between the Ct 
value and initial concentration of the standard sample is given as Ct = a 
log[c] + b, where a is the slope and b is the intercept. Subsequently, the 
amplification efficiency was calculated from the slope of the standard 
curve as PCR efficiency = 10–1/slope–1. The amplification efficiency 
indicates the performance of the qPCR assay and ensures that the 
primer-probe system is within the acceptable range (90%–110%) for 
accurate quantification. Sensitivity was evaluated through the limit of 
detection (LOD), which was defined as the minimum DNA 
concentration that could be detected as a fluorescent signal. Three 
replicate DNA samples were extracted from the standard medicinal 
sample (HBBM-SD) to verify the biological replicates. Under identical 
qPCR conditions, each DNA sample was assayed in triplicate to 
determine the Ct values, and the mean Ct value of each group was 
calculated. The genomic DNA concentration of 0.1 ng/μL of HBBM 
(HBBM-SD) was selected to verify the technical replicates. Under 
identical qPCR conditions, three independent measurements were 
obtained from the samples in triplicate. The coefficient of variation 
was calculated as CV = (standard deviation/mean) to evaluate the 
repeatability of the experimental method.

2.7 Establishment of standard-curve-based 
quantitative method

Approximately 100 mg of the binary mixture powder of the 
standard medicinal materials (ZBM-SD and HBBM-SD) was mixed 
at each of six different percentages, namely 0% (0/100), 1% (1/99), 
5% (5/95), 25% (25/75), 50% (50/50), and 100% (100/0). Then, 
20 mg of each binary mixture sample was used to extract the DNA 
template, and 1.1 μL of the genomic DNA template was used for 
real-time fluorescence qPCR. Next, the standard curve was 
constructed using the logarithm of the proportion of HBBM 
adulteration in the ZBM sample as the abscissa (x-axis) and the 
corresponding amplification Ct value as the ordinate (y-axis) for 

TABLE 2 Internal transcribed spacer sequences downloaded from GenBank.

Species GenBank number

Fritillaria thunbergii Miq. (ZBM) MH588429.1, MF083549.1, MN184770.1

Fritillaria hupehensis (HBBM) MN184759.1, MN184755.1, MN153742.1

TABLE 3 Primer and probe sequences of HBBM.

Target region Primers and probe Sequence (5′→ 3′) Size of amplicon

ITS Forward 5′-CAAGTTGCGCCCGAGG-3′ 47 bp

Reverse 5′-TGACGCCCAGGCAGG-3′

Probe FAM-CTTTCGGTCGAGGGC-MGB
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quantitative detection of the adulteration ratio. The amounts of 
HBBM in the binary mixtures were deduced from the corresponding 
qPCR standard curves. To assess the accuracy of the quantification 
method, binary mixtures of HBBM and ZBM at predefined ratios of 
50%, 25%, 5%, and 1% were analyzed, and pure HBBM (100%) was 
used for normalization. Here, ΔCt is defined as the difference 
between the Ct values of the pure HBBM standard and samples 
with different proportions of HBBM in the mixture with ZBM. The 
accuracy was evaluated using the recovery rate as follows:

ΔCt = Ct (100% ratio of HBBM) – Ct (other predefined 
mixture ratios).

Measured value = 1/2−ΔΔCt × 100%
Recovery rate (%) = (measured value/theoretical value) × 100%
The above formula is only applicable when (100% ratio of 

HBBM) – Ct (other predefined mixture ratios).

3 Results

3.1 ITS sequence analysis and primer/ 
probe designs

The conservation of the specific SNPs for ZBM and HBBM were 
determined by phylogenetic trees (neighbor-joining tree) generated 

from the downloaded ITS sequences (Figure 1B). Cluster analysis 
was then performed using the bootstrap method with 
1,000 replicates to test the support value of each branch. We 
noted that ZBM and HBBM formed two distinct and well- 
supported clades with high bootstrap values; this demonstrates 
that the ITS region can be used to effectively and accurately 
distinguish ZBM from HBBM. After alignment, a specific SNP 
site was identified in the ITS sequence; based on this SNP site, 
the probe and primers were designed to detect HBBM (Figure 2). 
These were located within the ITS region from 432 to 479, with the 
length of the amplicon being 47 bp (Table 3).

3.2 qPCR assay optimization

The genomic DNA of HBBM could be successfully amplified 
in the temperature range of 60 °C–66 °C with Ct values ranging 
from 22.72 to 24.17. However, non-specific amplification 
targeting ZBM was observed at annealing temperatures of 
60 °C–61 °C. When the annealing temperature was increased to 
62 °C, non-specific amplification was no longer observed, 
indicating the satisfactory specificity of this method at this 
temperature. Additionally, even at a high annealing 
temperature of 66 °C, the Ct value did not change significantly 
compared to that at 62 °C (Figure 3A). The qPCR products of 

FIGURE 3 
Optimization of annealing temperature for the proposed qPCR method: (A) Ct values at different annealing temperatures; (B) analysis of qPCR 
products of HBBM by the Qsep100 device.

FIGURE 2 
Design of probe and primers for detecting Fritillaria hupehensis (HBBM). The locations of the probe and primers on the ITS sequence are shown.
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HBBM at different annealing temperatures were observed to 
remain at the same position and had the expected lengths 
(Figure 3B). Based on these results, 66 °C was determined to be 
the optimal annealing temperature for the proposed method.

3.3 qPCR validation

Samples from a total of 17 batches from diverse sources were 
amplified using the self-designed primers and probes. Of these, the 
six batches of HBBM samples showed relatively uniform 
amplification, with Ct values ranging from 18.77 to 21.82 
(Figure 4A). Conversely, no amplification signals were observed 
in the 10 batches of ZBM samples and negative control (Figure 4B), 
demonstrating the excellent specificity of our method.

Genomic DNA concentrations ranging from 10 to 1.0 × 10−4 ng/ 
μL were tested under the optimal PCR conditions, and the 
corresponding Ct values were found to range from 19.71 to 
35.68. The amplification efficiency was calculated as 90.2% 
(slope = −3.581, R2 = 0.9993) (Figure 5A). The qPCR assay 
showed amplification when the genomic DNA of the HBBM 
samples was diluted from 10 to 1.0 × 10−3 ng/μL. However, no 
amplification signals were noted when the genomic DNA was 
further diluted to a concentration of 1.0 × 10−4 ng/μL. Thus, the 
LOD for our method was 1.0 × 10−3 ng/μL (Figure 5B). To assess the 
repeatability of the method, we performed triplicate measurements 
on the DNA extracts of the biological replicates and obtained a mean 
Ct value of 20.06 with a CV of 0.52%; then, we performed three 
independent tests on the technical replicates at a DNA 

FIGURE 5 
Amplification efficiency and sensitivity tests: (A) standard curve of the qPCR assay; (B) sensitivity of the qPCR assay. Lines ①–⑤ indicate DNA 
concentrations of 10, 1.0, 1.0 × 10−1, 1.0 × 10−2, and 1.0 × 10−3, respectively.

FIGURE 4 
Specificity of the primers and probe for qPCR: (A) amplification curves of the qPCR assay; (B) Ct values of the HBBM and ZBM samples.
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concentration of 0.1 ng/μL and obtained a mean Ct value of 
27.38 with a CV of 0.06%. These results demonstrate the 
reproducibility of the proposed method (Table 4).

3.4 Quantitative method validation

The binary mixtures containing 50%, 25%, 5%, and 1% of the 
HBBM component were evaluated next; here, pure HBBM (100%) was 
set as the positive control while pure ZBM was set as the negative 
control. The Ct values for the mixed samples containing 100%, 50%, 
25%, 5%, and 1% of HBBM exhibited a progressively increasing trend 

(Figure 6A). The equation of the standard curve was determined to be 
y = −3.192x + 18.316 with R2 = 0.9949; this indicates that there is a good 
linear relationship between the amount of HBBM adulteration in the 
ZBM sample (ranging from 1% to 100%) and Ct value (Figure 6B). The 
recovery rates for the quantification of the standardized mixture samples 
at ratios of 50%, 25%, 5%, and 1% were calculated to be 91.04%, 81.60%, 
85.38%, and 113.85%, respectively (Table 5); these data demonstrate the 
satisfactory accuracy of quantification for the wide range of HBBM 
percentages (United States Pharmacopeial Convention, 2022).

4 Discussion

Authenticating the species origins of TCM materials has long been 
a challenging issue. It is usually very difficult to distinguish adulterants 
from closely-related species in mixtures of real TCM, especially when 
the samples have lost their original characteristics, such as in the case of 
decoction pieces. Compared to traditional microscopic and 
physicochemical methods, DNA-based identification assays can 
distinguish confusing components in TCMs more definitely as 
hereditary substances are the cause and foundation of species 
differentiation. The qPCR assay exhibits higher specificity and 
sensitivity than general PCR assays while affording real-time 
monitoring and quantification capabilities (Kesmen et al., 2009). 

FIGURE 6 
Quantification performance of the qPCR assay: (A) Ct values of the qPCR assay corresponding to different percentages of HBBM (0%, 1%, 5%, 25%, 
50%, and 100%) added to a mixture of ZBM sample; (B) standard curve between the amount of HBBM adulteration in the ZBM sample (1%, 5%, 25%, 50%, 
and 100%) and Ct value.

TABLE 5 Recovery rates of the standardized mixture samples of HBBM in ZBM.

Theoretical value of HBBM (%) Ct value 
(mean ± SD)

Measured 
value (%)

Recovery rate (%) Recovery standard deviation (%)

100 20.08 ± 0.08 - - -

50 21.21 ± 0.10 40.52 81.04 8.85

25 22.37 ± 0.01 20.40 85.87 7.32

5 24.63 ± 0.19 4.27 89.22 6.78

1 26.54 ± 0.07 1.14 113.85 4.67

TABLE 4 Repeatability test results (n = 6).

Repeatability Ct (mean ± SD) Average Ct CV

Biological replicates 19.54 ± 0.31 20.06 1.03%

20.59 ± 0.12

20.06 ± 0.13

Technical replicates 27.35 ± 0.15 27.42 0.61%

27.47 ± 0.17

27.44 ± 0.18
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The key to achieving quality control in TCMs entails both qualitative 
and quantitative evaluations. Therefore, the qPCR approach may be 
the better choice. Our research group has long been committed to 
using the TaqMan probe-based qPCR detection method for TCM 
identification as it demonstrates high specificity, sensitivity, 
repeatability, and accuracy (Tao et al., 2025; Duan et al., 2026).

ITS sequences feature more variables and informative sites between 
different species and are already recognized as perfect molecular 
markers for identifying botanical drugs (Chen et al., 2010; Koo 
et al., 2019; Parvathy, et al., 2015; Schadock et al., 2015). Sequence 
comparisons showed that the ITS regions of ZBM and HBBM share 
99.5% homology and that there are only a few SNP sites across the ITS 
sequences of both plants. One such SNP site within the ITS region was 
considered in this study to identify HBBM from ZBM using TaqMan 
probe qPCR techniques. We designed the MGB probe to specifically 
target HBBM, which largely enhanced the discriminative ability 
between different species and their amplification efficiencies. In this 
study, the qPCR assay features an amplicon of only 47 bp to specifically 
delineate ZBM from HBBM and quantify HBBM adulteration in a 
binary mixture with ZBM. Although the 47 bp short amplicon used in 
this study was specifically designed to ensure efficient DNA 
amplification in dried decoction pieces, we recognize that deeply 
processed products, such as those undergoing high-temperature 
boiling, honey-frying, or pill preparation, have not been included in 
this study. Nevertheless, further validation is required to confirm the 
performance of the proposed approach for deeply processed products. 
Future research efforts could explore the feasibility of further shortening 
the amplicon length to adapt to these complex samples.

Aside from the advantages of quantitative real-time PCR, there 
remain challenges and limitations to detecting and quantifying 
adulteration in TCMs. First, the purity of the template DNA is 
highly influenced by different extraction methods, which could 
compromise the accuracy of the quantitative results. Second, 
discrepancies in amplification efficiencies between the reference 
standards and test samples may cause biased quantification (Wang 
et al., 2014). Thus, we adopted an absolute quantification strategy based 
on a standard curve using standard reference medicinal materials with 
known adulteration ratios to establish a quantitative relationship, 
which allows normalization without relying on reference genes. 
However, the relatively large deviations in recovery rates for low- 
proportion adulteration samples (e.g., 1%) observed in this study may 
be attributed to factors such as DNA extraction homogeneity, random 
deviations in PCR amplification, and uniformity of the powder 
mixture. Thus, further in-depth research is required to enhance the 
application of qPCR in detecting adulteration in TCMs. This includes 
optimizing the DNA extraction methods, selecting appropriate 
reference materials, establishing rational quantification approaches, 
and adopting standardized analytical protocols (e.g., following the 
MIQE guidelines) to improve the assay accuracy and reproducibility 
(Bustin et al., 2024; Taylor and Mrkusich, 2014).

5 Conclusion

In this study, we developed a qPCR method for identifying and 
quantifying the adulterant HBBM in a mixture with ZBM with high 
specificity and accuracy. The proposed approach could be a useful 
tool for identifying HBBM adulteration in ZBM while providing a 

reference for qualitative and quantitative detection of other TCMs. 
Despite the advantages observed, we acknowledge certain 
limitations, including lack of validation for deeply processed 
products and challenges in detecting extremely low levels of 
adulteration. These limitations highlight the need for further 
research efforts to optimize and expand the applicability of the 
TaqMan probe-based real-time qPCR method.

Data availability statement

The datasets presented in this study can be found in online 
repositories. The name of the repository and accession numbers can 
be found at: https://www.ncbi.nlm.nih.gov/genbank/ (MH588429.1, 
MF083549.1, MN184770.1, MN184759.1, MN184755.1, MN153742.1).

Author contributions

CY: Writing – review and editing, Writing – original draft. JX: 
Writing – review and editing, Writing – original draft. RQ: 
Investigation, Supervision, Writing – review and editing. SD: 
Writing – review and editing, Formal Analysis, Data curation. HY: 
Supervision, Writing – review and editing, Investigation, Project 
administration, Funding acquisition. FW: Writing – original draft, 
Supervision, Resources. WZ: Writing – original draft, Supervision, 
Funding acquisition, Writing – review and editing.

Funding

The author(s) declared that financial support was received for 
this work and/or its publication. This work was supported by the 
National Key R&D Program of China (no. 2023YFC3504104), Key 
Project of NMPA Scientific System Construction for Drug 
Regulation (no. NMPAJGKX-2024), NIFDC Fund for Key 
Technology Research (no. GJJS-2022-7-2), Jiangsu Provincial 
Administration for Market Regulation Science and Technology 
Program Project (no. KJ2026104), and Research Project of 
Jiangsu Institute for Food and Drug Control (no. JSIDC202604).

Conflict of interest

The authors declared that this work was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure 
accuracy, including review by the authors wherever possible. If 
you identify any issues, please contact us.

Frontiers in Pharmacology frontiersin.org08

Yan et al. 10.3389/fphar.2026.1758900

https://www.ncbi.nlm.nih.gov/genbank/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1758900


Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References

Bustin, S. A. (2024). Improving the quality of quantitative polymerase chain reaction 
experiments: 15 years of MIQE. Mol. Aspects Med. 96, 101249. doi:10.1016/j.mam.2024. 
101249

Chen, S. L., Yao, H., Han, J. P., Liu, C., Song, J. Y., Shi, L. C., et al. (2010). Validation of 
the ITS2 region as a novel DNA barcode for identifying medicinal plant species. PLoS 
One 5 (1), e8613. doi:10.1371/journal.pone.0008613

Pharmacopoeia of the People’s Republic of China (2020). in Pharmacopoeia of the 
People’s Republic of China 2020 (Beijing: China Medical Science Press), 304.

Duan, S. C., Zhang, W. J., Wu, Z., Cheng, X. L., Ma, S. Y., Li, P., et al. (2026). The 
establishment of TaqMan qPCR method for the identification and quantification of 
Amynthas aspergillum originated medicinal products. Microchem. J. 221, 116827. 
doi:10.1016/j.microc.2026.116827

Gao, Z., Liu, Y., Wang, X. Y., Wei, X. M., and Han, J. (2019). DNA mini-barcoding: a 
derived barcoding method for herbal molecular identification. Front. Plant Sci. 10, 987. 
doi:10.3389/fpls.2019.00987

Garrido-Maestu, A., Azinheiro, S., Fucinos, P., Carvalho, J., and Prado, M. (2018). 
Highly sensitive detection of gluten-containing cereals in food samples by real- 
time loop-mediated isothermal amplification (qLAMP) and real-time polymerase 
chain reaction (qPCR). Food Chem. 246, 156–163. doi:10.1016/j.foodchem.2017. 
11.005

Guo, K. Y., Chen, J., Niu, Y., and Lin, X. (2021). Full-length transcriptome sequencing 
provides insights into flavonoid biosynthesis in Fritillaria hupehensis. Life 11 (4), 287. 
doi:10.3390/life11040287

Han, E. H., Cho, K., Goo, Y., Kim, M., Shin, Y. W., Kim, Y. H., et al. (2016). 
Development of molecular markers, based on chloroplast and ribosomal DNA 
regions, to discriminate three popular medicinal plant species. Mol. Biol. Rep. 43 (4), 
323–332. doi:10.1007/s11033-016-3959-1

Kesmen, Z., Gulluce, A., Sahin, F., and Yetim, H. (2009). Identification of meat species 
by TaqMan-based real-time PCR assay. Meat Sci. 82 (4), 444–449. doi:10.1016/j.meatsci. 
2009.02.019

Koo, S., Teoh, Y. L., Koh, W. L., Ochi, H., Tan, S. K., Sim, D. M. F., et al. (2019). 
Development and validation of a real-time multiplex PCR assay for the detection of 
Dermatophytes and Fusarium spp. J. Med. Microbiol. 68 (11), 1641–1648. doi:10.1099/ 
jmm.0.001082

Li, H., Hung, A., Li, M., and Yang, A. (2019). Fritillaria thunbergii bulbus: traditional 
uses, phytochemistry, pharmacodynamics, pharmacokinetics and toxicity. Int. J. Mol. 
Sci. 20 (7), 1667. doi:10.3390/ijms20071667

Li, L., Cao, Y. J., Li, Y. J., and Yin, J. (2020). Simultaneous determination of three 
constituents in Chinese patent drug jinlian qinre capsules by HPLC. Asia-Pacific Tradit. 
Med. 16, 82–84. doi:10.11954/ytctyy.202009025

Moon, B. C., Kim, W. J., Park, I., Sung, G. H., and Noh, P. (2018a). Establishment of a 
PCR assay for the detection and discrimination of authentic cordyceps and adulterant 
species in food and herbal medicines. Molecules 23 (8) 1932. doi:10.3390/ 
molecules23081932

Moon, B. C., Park, I., Kim, W., Yang, S., and Kang, Y. (2018b). The complete chloroplast 
genome sequence of Fritillaria thunbergii Miq. an important medicinal plant, and 
identification of DNA markers to authenticate fritillariae bulbus. Hortic. Environ. 
Biotechnol. 59 71–80. doi:10.1007/s13580-018-0008-0

Nile, S. H., Su, J., Wu, D., Wang, L., Hu, J., Sieniawska, E., et al. (2021). Fritillaria 
thunbergii Miq. (Zhe Beimu): a review of its traditional uses, phytochemical profile and 
pharmacological properties. Food Chem. Toxicol. 153, 112289. doi:10.1016/j.fct.2021. 
112289

Parvathy, V. A., Swetha, V. P., Sheeja, T. E., and Sasikumar, B. (2015). Detection of plant- 
based adulterants in turmeric powder using DNA barcoding. Pharm. Biol. 53 (12), 
1774–1779. doi:10.3109/13880209.2015.1005756

Schadock, I., Schneider, A., Silva, E. D., Buchweitz, M. R., Correa, M. N., Pesquero, J. B., 
et al. (2015). Simple method to genotype the ACTN3 r577x polymorphism. Genet. Test. 
Mol. Biomarkers 19 (5), 253–257. doi:10.1089/gtmb.2014.0299

Spanoghe, M., Godoy Jara, M., Riviere, J., Lanterbecq, D., Gadenne, M., and Marique, T. 
(2017). Development and application of a quantitative real-time PCR assay for rapid 
detection of the multifaceted yeast Kazachstania servazzii in food. Food Microbiol. 62, 
133–140. doi:10.1016/j.fm.2016.10.015

Sun, L. J., Guo, D. L., and Li, C. B. (2009). TLC identification of rhizoma cyperi and 
HPLC determination of ferulic acid in xin tong ning pill. Chin. J. Microecol. 21, 620–621. 
doi:10.13381/j.cnki.cjm.2009.07.015

Tao, Y., Duan, S., Yu, K., Cheng, X., Li, X., Zhang, W., et al. (2025). Development of 
TaqMan real-time fluorescent quantitative PCR method for identification and 
quantification of sinomenium acutum-originated herbal drugs. Molecules 30, 3763. 
doi:10.3390/molecules30183763

Taylor, S. C., and Mrkusich, E. M. (2014). The state of RT-quantitative PCR: firsthand 
observations of implementation of minimum information for the publication of 
quantitative real-time PCR experiments (MIQE). J. Mol. Microbiol. Biotechnol. 24 
(1), 46–52. doi:10.1159/000356189

Tichy, H. V., Bruhs, A., and Palisch, A. (2020). Development of real-time polymerase chain 
reaction systems for the detection of so-called “superfoods” chia and quinoa in commercial 
food products. J. Agric. Food Chem. 68 (49), 14334–14342. doi:10.1021/acs.jafc.0c02441

United States Pharmacopeial Convention (2022). “Nucleic acid-based 
techniques—approaches for detecting trace nucleic acids (residual DNA testing) 
(USP-NF<1130>).” Rockville, MD: U.S. Pharmacopeial Convention. Official as of 
May 1, 2024. doi:10.31003/usp.nf.2022.1130

Villa, C., Costa, J., Oliveira, M. B., and Mafra, I. (2017). Novel quantitative real-time PCR 
approach to determine safflower (Carthamus tinctorius) adulteration in saffron (Crocus 
sativus). Food Chem. 229, 680–687. doi:10.1016/j.foodchem.2017.02.136

Wang, J., Jacobs, J. L., Byrne, J. M., and Chilvers, M. I. (2014). Improved diagnoses and 
quantification of Fusarium virguliforme, causal agent of soybean sudden death 
syndrome. Phytopathology 105, 378–387. doi:10.1094/PHYTO-06-14-0177-R

Wang, X. Y., Xu, R., Chen, J., Song, J. Y., Newmaster, S. G., Han, J. P., et al. (2018). 
Detection of cistanches herba (rou cong rong) medicinal products using species-specific 
nucleotide signatures. Front. Plant Sci. 9, 1643. doi:10.3389/fpls.2018.01643

Wang, Y., Hou, H., Ren, Q., Hu, H., Yang, T., and Li, X. (2021). Natural drug sources for 
respiratory diseases from Fritillaria: chemical and biological analyses. Chin. Med. 16 (1), 
40. doi:10.1186/s13020-021-00450-1

Wu, Y., Yang, Y., Liu, M., Wang, B., Li, M., and Chen, Y. (2017). Molecular tracing of the 
origin of six different plant species in bee honey using real-time PCR. J. AOAC Int. 100 
(3), 744–752. doi:10.5740/jaoacint.16-0265

Zhang, Y. H., Yang, X. L., Zhou, X. F., Ruan, H. L., Pi, H. F., Wu, J. Z., et al. (2007). Alkaloids 
from Fritillaria hupehensis. Chin. J. Chem. 25, 1728–1731. doi:10.1002/cjoc.200790319

Zhang, P., Li, J., Zhang, G. X., Pi, H. F., Zhang, Y. H., Ruan, H. L., et al. (2008). Analysis 
of hupehenine in the total alkaloids from Fritillaria hupehensis by HPLC-ELSD. 
J. Huazhong Univ. Sci. Technol. 28 (1), 118–120. doi:10.1007/s11596-008-0130-9

Zhang, W. J., Cui, S. H., Cheng, X. L., Wei, F., and Ma, S. C. (2019). An optimized 
TaqMan real-time PCR method for authentication of ASINI CORII COLLA (donkey- 
hide gelatin). J. Pharm. Biomed. Analysis 170, 196–203. doi:10.1016/j.jpba.2019.03.028

Frontiers in Pharmacology frontiersin.org09

Yan et al. 10.3389/fphar.2026.1758900

https://doi.org/10.1016/j.mam.2024.101249
https://doi.org/10.1016/j.mam.2024.101249
https://doi.org/10.1371/journal.pone.0008613
https://doi.org/10.1016/j.microc.2026.116827
https://doi.org/10.3389/fpls.2019.00987
https://doi.org/10.1016/j.foodchem.2017.11.005
https://doi.org/10.1016/j.foodchem.2017.11.005
https://doi.org/10.3390/life11040287
https://doi.org/10.1007/s11033-016-3959-1
https://doi.org/10.1016/j.meatsci.2009.02.019
https://doi.org/10.1016/j.meatsci.2009.02.019
https://doi.org/10.1099/jmm.0.001082
https://doi.org/10.1099/jmm.0.001082
https://doi.org/10.3390/ijms20071667
https://doi.org/10.11954/ytctyy.202009025
https://doi.org/10.3390/molecules23081932
https://doi.org/10.3390/molecules23081932
https://doi.org/10.1007/s13580-018-0008-0
https://doi.org/10.1016/j.fct.2021.112289
https://doi.org/10.1016/j.fct.2021.112289
https://doi.org/10.3109/13880209.2015.1005756
https://doi.org/10.1089/gtmb.2014.0299
https://doi.org/10.1016/j.fm.2016.10.015
https://doi.org/10.13381/j.cnki.cjm.2009.07.015
https://doi.org/10.3390/molecules30183763
https://doi.org/10.1159/000356189
https://doi.org/10.1021/acs.jafc.0c02441
https://doi.org/10.31003/usp.nf.2022.1130
https://doi.org/10.1016/j.foodchem.2017.02.136
https://doi.org/10.1094/PHYTO-06-14-0177-R
https://doi.org/10.3389/fpls.2018.01643
https://doi.org/10.1186/s13020-021-00450-1
https://doi.org/10.5740/jaoacint.16-0265
https://doi.org/10.1002/cjoc.200790319
https://doi.org/10.1007/s11596-008-0130-9
https://doi.org/10.1016/j.jpba.2019.03.028
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1758900

	Establishing a TaqMan qPCR method for identification and quantification of Fritillaria hupehensis as a common adulterant of ...
	1 Introduction
	2 Materials and methods
	2.1 Instruments and reagents
	2.2 Sample collection and identification
	2.3 DNA extraction
	2.4 Internal transcribed spacer sequence analysis and primer/probe designs
	2.5 qPCR assay development
	2.6 qPCR validation (specificity, sensitivity, and repeatability)
	2.7 Establishment of standard-curve-based quantitative method

	3 Results
	3.1 ITS sequence analysis and primer/probe designs
	3.2 qPCR assay optimization
	3.3 qPCR validation
	3.4 Quantitative method validation

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


