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[ Abstract] Objective: Angelicae Sinensis Radix, a commonly used medicinal herb with both medicinal and edible
properties, is frequently adulterated in the market, severely affecting the clinical efficacy of preparations. While qualitative

identification techniques for adulterants and counterfeits are now relatively mature, quantitative detection methods for adulterated
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processed products remain unexplored. Quantitative detection research of Angelicae Sinensis Radix and its primary closely related
adulterant, "Tu Danggui" (Angelica gigas) , was conducted to establish a herbal quantitative molecular detection (Herb-Q) method
for Angelicae Sinensis Radix and its processed products, providing a model for the establishment of quantitative detection
technologies for Angelicae Sinensis Radix and related health products. Methods: The specific single-nucleotide polymorphism
(SNP) loci of Angelicae Sinensis Radix and Angelica gigas Nakai were screened based on the complete chloroplast genome
sequence. The specific SNP loci of Angelicae Sinensis Radix were selected for quantitative methodological investigations (linearity,
limit of quantification, limit of detection, and reproducibility) by mixing the powder of the herbs with different adulteration ratios.
Huoxue Zhitong powder with three distinct adulteration ratios (15%, 25%, and 35%) was utilized to ascertain the precision of the
Herb-Q method for the quantitative detection of Chinese patent medicines containing Angelicae Sinensis Radix. Results: By
comparing the 123 chloroplast genome sequences of Angelicae Sinensis Radix, based on the principles of intraspecies conservation,
interspecies specificity, and meeting the requirements of pyrophosphate high-throughput sequencing, it was determined that 9 674"
locus (A/G) in the chloroplast genome sequence NC_042826.1 and 38 592™ locus (T/C) in the chloroplast genome sequence
NC_029393.1 could be the exclusive molecular identification loci of Angelicae Sinensis Radix and Angelica gigas Nakai,
respectively. The linear relationship R* of the Herb-Q method established by selecting the specific 9 674" locus (A/G) of Angelicae
Sinensis Radix was 0.997 4 (R*>0.99) , indicating an excellent linear relationship. The limits of quantification and detection were
established at 2.0%, exhibiting excellent reproducibility [relative standard deviation (RSD) <2.0% ]. The established quantitative
system based on the Herb-Q method detected the adulteration amount of counterfeit 4. gigas in the Huoxue Zhitong powder, with
an average deviation of 1.3% for three molecular quantitative replicates. Conclusion: This research demonstrates that the Herb-Q
quantitative detection method established based on the 9 674" locus (A/G) in the chloroplast genome sequence NC_042826.1 of
Angelicae Sinensis Radix has good applicability, objectivity, and accuracy for Angelicae Sinensis Radix and A. gigas, and its
processed products. This method has the capacity to provide technical support for the quantitative detection of commercially
available Angelicae Sinensis Radix derivatives, including traditional Chinese medicinal preparations, dietary supplements, and
nutraceuticals.

[Keywords]  herbal quantitative molecular detection (Herb-Q) method; Angelicae Sinensis Radix; adulteration;
pyrophosphate sequencing; quantitative research
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Table 1 Sample number, Latin name, place of origin, and date

of collection of collected samples
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AS1  MIH Angelica sinensis Wil %M1 2024-05-10
AS2 K4 A. sinensis LEAE M 2024-05-10
AS3  HIH A. sinensis Hli&Evh 2024-05-13
AS4  MHIH A. sinensis =M AMEl 2024-05-15

AGl WA 1T 4. gigas
AG2  HIEYI A gigas
AG3 WY1 A gigas
AG4 WY A gigas

WA KET 2024-05-09
WA WHT 2024-05-14
FHARE AT 2024-05-17
WMk AT 2024-05-21
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Table 2 SNP site-specific base distribution of Angelica sinensis

species CP9674 SNP
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Table 3 SNP site-specific base distribution of Angelica gigantis
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Angelica sinensis

Angelica gigas
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Fig. 1 Morphological characteristics of Angelica sinensis Radix

and its adulterant, Angelica gigantis Radix
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FERCR (V) etk . A D7 72 58 ¥=0.972X-
0.041 4,R°{H 7 0.997 4(>0.99) , &M XA . W
B85 S B A R

x4 SlHEH
Table 4 Primer sequences
Yyl SNP fi7 5 ElE7] JPHI(57-37) K /bp
HIH CP 9674 DGF1 GCGCGAGTTCCAATTTTAAT 20
DGR1 biotin-CTCAATCGGGAGATGT TTCG 20
DGS1 TGCCAGCATTGAATAGA 17
LR CP 38592 CXF2 TTTTGCCTCTTATTCTCCCTCTG 23
CXR2 biotin-TTGCGATAATCTCATTT CTTTCGA 24
CXS2 AGTTTCCATAATACAAGTCG 20
3.2.2 EREMR AR SR R EE Y Tk K & T A 1) 2 A R IS R AT R HXZTs o Bh

1% 2% RIS U583 K 5 F R 99% . 98% TR A H K
0 7 o  FRRIAS DU P, 2 42 3 20 K . TR A R R
oD B A HC A R 1% B R X A 1 R 22 (RSD) Ry
177.8% (>25%) o 1M 4 & fh & h 2% W) , RSD K
11.5%(<25%) ., Mtk , Herb-Q ) LOQ K 2%, XA
TR A B AR h B 2% 1% K 2R 25%, 2% MR E
AT LA 3] 95% , B A LOD N 2%, W S,

R5 KNRESEERTEFRIE(=20)

Table 5 Limit of detection and limit of quantification
methodological validation (#n=20) %
W
AR R/ME CFIE RSD o
Bk ) b
1% 1 0 0.25 177.8 25
2% 2 1 1.95 11.5 95

323 EIHMESHEMRME A — 2P 5 E Herb-
QY BLME 5 e PE o JH Herb-Q J5 ¥ Xt
PCR =Wy it A7 07, 15 5 (1) 120@@@,;.%% A A4S
O i W 24 5 7E CP F 51 NC_042826.1 Y55 9 674
PSR G IO RS, L RA TRKIN 19%,
S 11 35 ) 19.91%, RSD (RSD) =1.45% (n=12, <
2.0%) o UL R 1 KR A kL. FR UG AT UL, Herb-Q
D55 BAA ARG 0 B R S R

3.3 Herb-Q Jr k7 A il i 1L 1k 9 #5024 5 25 44 B
PR SR R R T B IR T Herb-Q U7
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49 3% L 1k JFR AR AT ARG T B S B AT 3 O E o
TE CPJE 1 NC_042826.1 (955 9 674 15, 244 15% .
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19645 AR R Ab 8 AR B A 22 5 (9 DNA ;7 Beb A7l
S5 M Ay F AR O ¥, i 2 AT S PR b X A R
B S I ST, T T A2 A Y T AR B K R B RE AR
5 A BIF 53 2 Xk B A SRR A R I SR R TR )
HNFEAT L XE 20 BT, AR 48 R 5 M 25 531 SNP AV s 152 1T
SRR Bz A Rk S S L 3 e 2R A i e X - R A
Pk R BEK B £ 57 (PCR-RFLP) 5 R yE 47 % 51, 4%



5532 4255 10 1
20264FE 5 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 10
May,2026

AE GHD

KA

BERE

=>

et 3§

$69%%

2 EMIEFER P AR MRS
Fig. 2 Traditional Chinese medicine of Huoxue Zhitong powder

and its corresponding powder morphology
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Table 6 Limit of detection and limit of quantification
methodological validation %
SE /2519 (%/%) o WER FEE W
15/85 1 15/85 15/85 0
2 14/86
3 16/84
25/75 1 24/76 24/76 4
2 24/76
3 24/76
35/65 1 37/63 35/65 0
2 34/66
3 33/67

1 : SNP i iy CP9674
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