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Abstract: Accurate authentication of components in traditional Chinese patent medicines (TCPMs) is
fundamental to ensuring the safety and accuracy. Analysis of whole-GEnome (AGE) has been applied to species
identification across plants, animals, and fungi. However, its applicability to the authentication of components
in TCPMs remains to be evaluated. In this study, AGE was performed to identify Panax notoginseng in
TCPMs. Bioinformatic analysis of nine genome assemblies from six Panax species yielded 4 289 410 specific
target sequences of P. notoginseng, from which a species-specific target sequence database was constructed. Target
sequences were selected and validated by Sanger sequencing. Four molecular techniques including PCR combined
with agarose gel electrophoresis, PCR coupled with Sanger sequencing, TagMan probe-based quantitative PCR, and
high-resolution melting analysis were employed to detect the target sequence, thereby establishing identification
methods for P. notoginseng. These assays were further applied to commercial TCPMs, all of which were successfully
detected to contain P. notoginseng. Therefore, AGE enables accurate identification of components in TCPMs,

offering new insights and technologies for quality control of TCPMs.
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Table 2 Genome information of Panax species
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Table 1 Samples of traditional Chinese patent medicines

Number of

Sample Sample prescribed Colle.ctlon
No. herbal materials ety
Sanqi Pian SQP1 1 Beijing
Sanqi Pian SQP2 1 Beijing
Fufang Danshen Pian ~ FFDSP1 3 Guangzhou
Fufang Danshen Pian ~ FFDSP2 3 Beijing
Fufang Danshen Pian ~ FFDSP3 3 Shanghai
Sanqi Shangyao Pian ~ SQSYP1 8 Changchun
Sanqi Shangyao Pian =~ SQSYP2 8 Beijing
Xiaoshuan Tongluo XSTLP 11 Harbin
Pian
Dieda Wan DDW1 24 Beijing
Dieda Wan DDW2 24 Beijing

XEE  RAWHE SN AZRR Y G (FEER KR A
i A\, ABI Veriti96); %< ) & & PCRAX (fH SR A dr =
A R E], CFX96); 70 6t EE T (FEER K /R A}
$7 2 7], NanoDrop 2000); %5 AR X (i K B8 A= A

Species Accession No.

Assemble level Genome size /Gb Published year

Panax notoginseng PRINA658419 (PN1)
CNP0003588 (PN2)
PRJCA022032 (PG1)
SAMN20855168 (PG2)
SAMN20855195 (PQ1)
GWHDOGX00000000 (PQ2)
CNP0002878 (PV)
SAMN20855167 (PS)

SAMN20855173 (PJ)

P. ginseng
P. quinquefolium
P. vietnamensis

P. stipuleanatus
P. japonicus

Chromosome 2.66 202014
Chromosome 2.41 202117
Telomere-telomere 3.45 20248
Chromosome 3.41 2022
Chromosome 3.60 20221
Chromosome 4.51 20242%
Chromosome 1.73 202301
Chromosome 2.15 2022
Chromosome 2.09 20221
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A, RR391A); 2% Accurate Taq Master Mix (AG11020)
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HREEREA M AT, T1060); DL2 000 DNA Marker
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A, 519 RN R AR IR AR A . 18
Wit i 51 %t = L FF i DNA #47 PCR 371, PCR 1k
ZN:2x Taq PCR mix 12.5 pL 55 514 (10 umol-L™)
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Table 3 The sequences of specific targets and primers of Panax notoginseng

Target No. Target sequence (5'—3') Primer (5'—3)

Target-PN1 AAACAAACAAGATGCGTTACGTGCA PN-F1: CACGCAATGATGTTGAATCTCTAT
PN-R1: CGTTATCTTTTGAAGAGGTTGTCC

Target-PN2 AAACAAACAAGTCAGCACCAAGTCC PN-F2: CACTAATAACTCTTCAAGGCTAGC
PN-R2: ATCATCAGAAGTGGTTGAGTAAATG

Target-PN3 AAACACTACTACCAAGCCAATCCGA PN-F3: AGAGGTCACTGATGTCTTACAATTAC
PN-R3: TGAATAAAACTTAACCCACAAGATG

Target-PN4 AAACAAGTTAGTAATAGCTGGGAGG PN-F4: TAATCCATACCCACCATTAGAGC
PN-R4: GGCAGGCAATCATCAAGGATAT

Target-PNS5 AAACAAGCCGCCTGAGCTCATTAAG PN-F5: GAGCTTTATACCAAGAGATGAACAC

PN-R5: TGCAATTAAACAAGCTATTATCTGTG
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mix 10.0 pL K5 5 5147 (10 pmol-L™") 4% 0.4 pL . DNA
H 2 uL.TaqMan 54} 0.8 pL.ddH,0 6.4 uL. ¥ HFEF
N1 95 °CHIAR M 30 s; 95 °C 5 s~60 °C 30 s, 40 PMEIF,
TE 2 I BB K e I BORUSE R OGRS .

EORERMERN=EHRERFEY
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Figure 1 Screening of specific target sequences of Panax notoginseng, Panax ginseng and Panax quinquefolium based on analysis of
whole-GEnome. A: P. notoginseng. PN1: P. notoginseng genome (PRINA658419); PN2: P. notoginseng genome (CNP0003588); Total:
25-bp sequences; GC content: 25-bp sequences with 40%—-70% guanine-cytosine proportion; Without poly: 25-bp sequences after removal
of polynucleotide sequence structures; poly: Polynucleotide. B: P. ginseng. PG1: P. ginseng genome (PRJCA022032); PG2: P. ginseng
genome (SAMN20855168); C: P. quinquefolium. PQ1: P. quinquefolium genome (SAMN20855195); PQ2: P. quinquefolium genome (GWH-

DOGX00000000). D: Duplicated number of specific target sequences

Marker 1 2 3 CK 4 5 6 CK 7 8 9 CK 10 11 12 CK Marker 13 14 15 CK

250 bp
100 bp

B Target-PN1 Target-PN2
AAACAAACAAGATGCGTTACGTGCA o mct cTTEA Gw
.
VY
Target-PN3 AL O X VY RO/ RSN =
AAACACTACTACCAAGCCAATCCGA

Target PNS

AAACAAGCCGCCTGAGCTCATTAAG

AN AN

Figure 2 Amplification and sequencing of the specific target sequences of Panax notoginseng. A: Gel electrophoresis analysis of the

specific target sequences amplification products of P. notoginseng. Lane 1-3: PCR products of PN-FI/R1; Lane 4-6: PCR products of
PN-F2/R2; Lane 7-9: PCR products of PN-F3/R3; Lane 10-12: PCR products of PN-F4/R4; Lane 13-15: PCR products of PN-F5/RS5; CK:

Blank control. B: Sequencing results of specific target sequences of P. notoginseng
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A Marker1 2 3

250 bp |

C Amplification

800;

E 400!

10 20 30 40
Cycles

B

AAACACTACTACCAAGCCAATCCGA

AAAMAMMAMAARMMAAARY

D Melt Peak

3001

= :
= 2004

= 1004

Temperature, Celsius

Figure 3 Detection of the specific target sequence of Panax notoginseng. A: Gel electrophoresis analysis. Lane 1-3: P. ginseng; 4—6: P.

quinquefolium; 7-9: P. notoginseng. B: Sequencing results; C: TagMan probe-based quantitative PCR assay. Blue: P. notoginseng; Green: P.

ginseng; Purple: P. quinquefoliun; Red: Blank control; RFU: Relative fluorescence unit. D: High resolution melting curve. Blue: P. notogin-

seng; Green: P. ginseng; Purple: P. quinquefoliun; Red: Blank control; T: Temperature
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FEdmBANANS, LK AR B EE . B
WA R R B2 T =B O 1] R R R S
FEANHENE o S, ASHIE SR ST KR D7 2 R 24 i
B R VR S A R A . 2 R )
A8 FH AR BT 98 62 3L (9 D7 00 TR R 2 HEAT Tl AR M B
TS, B B NS DL [FI, 25 A Al
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Figure 4 Detection of components in traditional Chinese patent medicines (TCPMs). A: Gel electrophoresis analysis of Panax notoginseng
in TCPMs. Lane 1-10: SQP1, SQSYPI1, FFDSP1, DDW1, DDW2, SQP2, SQSYP2, FFDSP2, FFDSP3 and XSTLP. B: Sequencing results
of P. notoginseng in TCPMs. C: TagMan probe-based quantitative PCR assay of P. notoginseng in TCPMs. Blue: TCPM samples; Red:

Blank control. D: High resolution melting curve of P. notoginseng in TCPMs. Green: TCPM samples; Red: Blank control. E: Gel electropho-

resis analysis of Panax ginseng in TCPM samples. Lane 1-13: Control sample 1 (a 1:1 mixture of P. notoginseng and P. ginseng), Control

sample 2 (a 3: 1 mixture of P. notoginseng and P. ginseng), Control sample 3 (a 5: 1 mixture of P. notoginseng and P. ginseng), SQPI,
SQSYPI, FFDSP1, DDW1, DDW2, SQP2, SQSYP2, FFDSP2, FFDSP3 and XSTLP. F: Sequencing results of P. ginseng in the three control

samples. PC: Positive control
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