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Abstract

Panax ginseng, as a valuable medicinal herb, holds significant medicinal and economic value. Due
to its high market demand and expensive price, counterfeit products have flooded the market, se-
verely affecting its clinical efficacy and consumer interests. This study aims to establish a PCR-based
method for the authenticity identification of P. ginseng. Methods: By aligning the DNA sequences of
18SrRNA, ITS1, 5.8S rRNA, and ITS2 from P. ginseng, Panax notoginseng, Panax quinquefolius, Panax
zingiberensis, and other Panax species, we identified specific loci and designed corresponding pri-
mers. The PCR reaction system and conditions were further optimized, and rapid DNA detection
was performed on different samples to ensure the specificity and sensitivity of PCR amplification.
Results: Experimental validation showed that the optimized PCR conditions for Primer Pair-1 were
as follows: annealing temperature at 57°C, 35 amplification cycles, the optimal primer concentra-
tion at 0.4 pmol/L, and a DNA template concentration of 2 ng. Under these conditions, the PCR
method was able to efficiently and specifically amplify the target DNA, accurately distinguishing P.
ginseng from common adulterants. Conclusion: The specific PCR method established in this study
can effectively differentiate P. ginseng from its adulterants, offering the advantages of simplicity,
speed, and accuracy, thus providing a reliable technical tool for P. ginseng quality control and au-
thenticity identification.
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1. 5]

N Z(Panax ginseng C. A. Mey)/e LIPS @Y, HTBRAEL SR b S mE A, AR
RATTA 2, AMREEEDIR1]. BBk, ASHEN “HHEZE” , £ (MRAEZR)
HEAVEAICE, HAAMER 2T MR EHARN, NS EFZMAEVEER, W3k,
SR HR M AR IR EENEWSE, BT PIXMAE RS, 8GR . P sE 2 meis
YEMI2] [3]. #RT, BT AShigmit Aiilgd k&R, Wiy LE I ksssr. DR, A
¥ 2 (Panax quinquefolius L). =-t(Panax notoginseng (Burk.) F. H. Chen)al#% 4% (Platycodon grandiflorum
(Jacq.) A. DC)5HEME A NS H L. RER M BARETRS E5 NS, (AEL M2 2 FAAER
EEF, TIEREANSHMETR H 2] RE i RiE B e fa 3. Bk, s X o A2 505,
BOR TR 2561 B BT RN 2422 4, BN A AR R 1 )

RGNS ERTTE, WPERER M B, BRE —ERE EeW i IhPHR NS, BEEEZR
TEMRHAER. BAEERMEMEI 2R, BRSSO L5 R M [4] [5]. Bbah, B %577
RAFAERE A AL BRI, ARG S 5 AR R T PUAE ORI, E DA R P . R 1 255 # oK [6]. BE
BT HEMFHARR GEARE, 5T DNA P PCR A N 25 SR 4 T 28 idis . Felidid

ik
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TR PR P A 2 5, PCR B ARANZALURIE . AEBRAS . PR 2 SR S i A7 2% A I se i,
Aems SOl . POE 4 5E .

ITAER, DNA ZKIEASHEAR TRk 244 % 5 I B B 7577 7]. 18S rRNA SR S R, EH T2
MR BN SEE8]: T ITS HeDH 7 5 HA B & R A AR S A0 A N DR SPPE, 1& & TR e [9].
AwtFEE s NS, =t. TES. 2R =-t(Panax zingiberensis C. Y. Wu & K. M. Feng)%: \ & J& ¥ )
18S rRNA. ITS1. 5.8S rRNA. ITS2 FE fFHIBEAT xS, RIFFFIEAL i, FEvt YA 517, i3 —
AR T PCR MR RFNZ A, #7772 T DNA KL A N PCR ik, AT ASHEMWERN. AT
LIRS PCR BEAR, AMUANS I S5t T BRI, O 9 MR 2547 it 7 ml 5
R RR . ZA AR, PORRERII S, B H B AS K, FRASHRE S
IRRZiM 4. Rk, ZAEnTt— B4 N T HAR P2 0 %, b 25 o S8 hi A 37 e
PR AR .

2. MMEHE
2.1. #H

2.1.1. SEEPPH
ANZ. TS, Bl =t & Fiifm, U EMBSSARR=EE.

2.1.2. {XE&FNER

YK 24 DNA 4R EUR ) & . 2 x Tag PCR MasterMix 11 (With Dye)ld [ KR AL B (AL 50 A TR A
H]; DL2000 Plus DNA Marker 114 F 7 5% it MiE AR IR A A FR A H] s Gold View (1 BUAZ R Ys (4771)) 6
IR ERERE AR AR 2 IR & X mE B O UAEE PCR X B A S (L) E bR 5 A R
AT EIRG A B LI T MR RIE AR AR 2 DhRERts X R 450 H Bio Tek BEEHK
B RZ G0 B AR OB R R E R A

22. A%

2.2.1. EF%H DNA KB

H 75% X NS, TiEES. Al —BRE MOREIETSEN S, FAFRIVIBOE=E ),
BT ARG . AR PR N R AT TR AL TR, IR IR T B R AR o R R A A
[KIZH DNA $REURF G R IR, $REUSFEAH DNA. IREGERUE , % DNA FEARATE T-20°C, %M.

2.2.2. FRMUESIT

M GenBank %4 )22 7 R H A S (B 35 : MKA08780) K H [ J& 5 IR FH P 7 2 (5 35 : KM036297).
=B(EFT: KT380921). ZR=-L(& 35 : MK408808)] 18S rRNA J£[X(1-1808 bp). 1TS1 (1809-2031
bp). 5.8S rRNA £[X](2032-2191 bp) 2 1TS2 (2192-2424 bp)/F51. FIH MegAlign %X L 541 #E47 %
JF B LG A ERAE 38, R I () A7 A 4 25 1) 22 S PR B 1 IR 22 35 P (single nucleotide polymorphism, SNP)
Prpi. BAKIME, 78500 A7 AG(18SIRNA)AZ N C, TiEES. —+H. FR=HIN G; 1E 2044 {7 15(5.8S
RNA)AZ N A, TS, =-t. 2R=ELBWNG; £ 1925 fiA(ITSH)AS N A, TES. =t BR=
L¥IRN C; 2234 MLS(ITSOANS AN T, S, =L, ZR=L¥H C. XL SNP fi s NS KR
J& S IR ) oy TR SR T AT SR B AR AR D, TEILIE 1.

BT SNP 7 S %5, RS Oligo 6 ¥it T Wixt T4 NS ks =511, HETF
WS ¥5r WA PF-1. PR-1 J2 PF-2. PR-2, 5I¥IF5) L% 1.
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490 S'Q‘D 510 520 530 540 550 560

Panax ginseng MK408780.seq ’I‘AACAATACCGGGCTGATﬁGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAA 560
A Panax quingquefolius KM036297.seq TAACAATACCGGGCTCAG GTCTGGTAATTGGAATGAGTACAATCTARATCCCTTAACGAGGATCCATTGGAGGGCAA 560
Panax notoginseng KT380921.seq TAACAATACCGGGCTCAG GTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAA 560
Panax zingiberensis MK408808.seq TAACAATACCGGGCTCAG'@GTCTGG’I‘AATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAA 560

2010 2020 2030 2040 2050 2060 2070 2080

Panax ginseng MK408780.seq TGCGGGCGGCGGAAGCGTCTTTCTARAACACAAACGACTCTCAALAACGGATATCTCGGCTCTCGCATCGATGAAGAACG 2080
B Panax quinquefolius KM036297.seq TGCGGGCGGCGGAAGCGTCTTTCTAAAACACAAACGACTCTCAGEAACGGATATCTCGGCTCTCGCATCGATGAAGAACG 2080
Panax notoginseng KT380921.seq TGCGGGCGGCGGAAGCGTCTTTCTAAAACACAAACGACTCTCAGLAACGGATATCTCGGCTCTCGCATCGATGAAGAACG 2080
Panax zingiberensis MK408808.seg TGCGGGCGGCGGAAGCGTCTTTCTAGAACACAAACGACTCTCAGEAACGGATATCTCGGCTCTCGCATCGATGAAGAACG 2080

1930 1940 1950 1960 1970 1980 1990 2000

ra
Panax ginseng MK408780.seq GTGGAECTCGTCCGAACAACGACCCCCCGGCGCGGAATGCGCCAAGGAAATCAAACTGAACTGCACGCGTCCCCCCCGTT 2000
C Panax quinquefolius KM036297.seq GTG CTCGTCCGAACAACGACCCCCCGGCGCGGAATGCGCCAAGGAAATCAAACTGAACTGCACGCGTCCCCCCCGTT 2000
Panax notoginseng KT380921.seq GTGACLCTCGTCCGAACAACGACCCCCCGGCGCGGAATGCGCCAAGGARATCARATTGAACTGCACGCGTCCCCCCCGTT 2000
Panax zingiberensis MK408808.segq GTGGE:[‘CTCGTCCGAACAACGACCCCCCGGCGCGGAATGCGCCAAGGAAATCAAACTGAACTGCGCGCGTCCCCCCCGTT 2000

2170 2180 2190 2200 2210 2220 2230 2240
£

Panax ginseng MK408780.seq TTAGGCCGAGGGCACGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCAACCCATCACTCCCTTGCGGGAGITIGAGGCG 2240
D Panax quinquefolius KM036297.seq TTAGGCCGAGGGCACGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCAACCCATCACTCCTTTGCGGGAG".: AGGCG 2240
Panax notoginseng KT380921.seq TTAGGCCGAGGGCACGTCTGCCTGGGCGTCACGCATCGCGTCGCCCCCCAACCCATCATTCCCTCGCGGGAGTIGATGCG 2240
Panax zingiberensis MK408808.seq TTAGGCCGAGGGCACGTCTGCCTGGGCGTCACACATCGCGTCGCCCCCCAACTCATCACTCCCTCGCGGGAG#C%SAGGCG 2240

Figure 1. Sequence alignment results of 18S rRNA, 1TS1, 5.8S rRNA, and ITS2 for closely related Panax species. (A):
Position 500 (18S rRNA): Panax ginseng has C; P. quinquefolius, P. notoginseng, and P. zingiberensis all have G; (B):
Position 2044 (5.8S rRNA): Panax ginseng has A; P. quinquefolius, P. notoginseng, and P. zingiberensis all have G; (C):
Position 1925 (ITS1): Panax ginseng has A; P. quinquefolius, P. notoginseng, and P. zingiberensis all have C; (D):
Position 2234 (ITS2): Panax ginseng has T; P. quinquefolius, P. notoginseng, and P. zingiberensis all have C

B 1. AZRES:RE497h 18S rRNA EFE. ITS1. 58S rRNA EEK ITS2 FHILEX4ER. (A): 500 s (18S
rRNA): AZHC, BiFS. =t. ER=tHG; (B): 2044 = (5.85 rRNA): AZHA, EFS. =+,
ZRR=EIAR G; (C): 1925 um(ITS): AR A, FFS. =t ER=LHAC; (D): 2234 LR (1TS2):
ABAT, BFS. =t ER=LHAC

Table 1. Specific primer sequences of Panax ginseng

® 1L ASHRMESIIFT
ElEVELR S SR 5(5-3%) I P (bp)

PF-1 AAATAACAATACCGGGCTGATTC 478~500

PR-1 GCGAGAGCCGAGATATCCGTTGT 2044~2066 1089
PF-2 GGTCGGGGACCACCCTTGGGTGGA 1902~1925

PR-2 GCCATTATCCGCCCCTCCGCCTCA 2234~2257 396

2.2.3. PCR Fi%tifk

I NSHE SRR LS M0 4T PCR 3 B, F%F PCR B 46 1F#EAT R GEMLAL . #1146 PCR [ Sk
AWIF: 2xTaqPCR MasterMix 1110 pL, _EFiF#514#(1 pmol/L) % 0.5 uL, DNA 4% 10 ng, ddH20 #h/&
% 20uL. PCR ¥ M BHUN: 94CHiAE M 3min; 94°CAEME: 30s, 58°CiEk 30s, 72°CHE{H 1 min, 35
AMEHR: 72°CHR LA 5 min. § 3G W)TE %5 EpERE b EAT Bk 25, {#H Gold View J4ff, 100V
iR R HL Pk 30 min, {3 Bio Tek %Ml 1% 2 G0 0 52 A B iD e 45 21

S 52T LLR R S AR s . R JGRFE (R BB SR 511, 52.9. 55, 57, 59, 61.
63.1. 64.6°C, PUHfiE S ERKIELE) . BIMREZ (K E 0.2, 0.4, 0.8, 1.6 umol/L, LAGHIER S ¥k E) L
J% DNA BB E AT 5 B MR, DA BOERRIRE) . T BRIk 4 R, ik i@ PCR
R, IR NS B L 5 I8 S AR R (R 2 DNA HEATH 48, DAIGAIE 51 0 s 5k

3. &R
3.1 BNEEEE
I E B AR IR B, SRR 4 iR B T 511, 52.9. 55, 57. 59, 61. 63.1. 64.6°C[IBLEE &AM, &
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GEAN[A) IR KR BEXT PCR 4 BGRCR A2 o DLBR IR B BE R FRL DK v 255 R0V I 52 R s AR 9 v IR o ik
H B AEIR KR - SEIG 45 SRR, 51405t -1 (PF-1/PR-1) 5 5| 9%} -2 (PF-2/PR-2) 43 3 7 57°C (14| 2(A))#1 63.1°C
(B 2(B))IBKIRBESFAE T, NSFEST 1Y (1) 515 IR W = .
32. mESIMIREEE

NHERAESI IR, SCIGEE T 0.2 0.4, 0.8 1.6 umol/L FIRJEEEE HET 222, DAIR R AR B

Uk b ks BT T R A SE AR DR PP bRAE . SR AE R, SIMIRS-1 7 0.4 pmol/L IS T4 8 i 26l iy
TEMW(E 2(C))s MEIIXF-2 WAE 1.6 pmol/L K FE T 3RAF BRI M 143 2% 7 (4] 2(D)).

3.3. &i& DNA EHREREE

DN E B DNA BRIREE, 52500t N2 DNA BIBGHEAT 1 5 R BEARE, IRFEMRIRE Y 10ng. 2
ng. 0.4ng. 0.08ng. 0.016 ng. 3.2x 103 ng. 6.4x 10 ng. 1.28 x 107 ng, AT HEHE LS HL ik FE s 461
P37 BT B 2 A NP AR o o SEaG 25 SR W, BIM%-1 76 2 ng 2518 R348 1 4675 S N 37 b A 32 (1) 2(E))s
FII%-2 MIFEAE 10 ng WREE T~ 4 RESRAT B A4 1 2% (18] 2(F)).

* *
A M1 23 45678M C E M1 23 456738

1960 0
b I 2o
>00 §§§ 1000
250 750
100 100 500
250
100
* *
B M123456738M F M123 456738
1360 1500
1000 1300
I 750
250 500
0 00

M: DL2000 Plus DNA Marker

Figure 2. Electrophoresis analysis of PCR system optimization for Ginseng samples. (A) (B): Annealing temperature
gradient (1: 51.1°C; 2: 52.9°C; 3: 55°C; 4: 57°C; 5: 59°C; 6: 61°C; 7: 63.1°C; 8: 64.6°C); (C) (D): Primer concentration
gradient (1: 0.2 pmol/L; 2: 0.4 umol/L; 3: 0.8 umol/L; 4: 1.6 pmol/L); (E) (F): DNA template concentration gradient (1:
10ng; 2: 2 ng; 3: 0.4 ng; 4: 0.08 ng; 5: 0.016 ng; 6: 3.2 x 1073 ng; 7: 6.4 x 10 ng; 8: 1.28 x 10~* ng); *Optimal conditions:
(A): 57°C; (B): 63.1°C; (C): 0.4 pmol/L; (D): 1.6 umol/L; (E): 2 ng; (F): 10 ng

E 2. AS# & PCR AR MILEIXDITER. (A) (B): IRMBE#E(L: 51.1°C; 2: 52.9C; 3: 55°C; 4: 57°C;
5: 59°C; 6: 61°C; 7: 63.1°C; 8: 64.6°C); (C)(D): SI4KREHEE (L: 0.2 umol/L; 2: 0.4 pmol/L; 3: 0.8 pmol/L;
4: 1.6 ymol/L); (E) (F): DNA HEHGREMEE(1: 10ng; 2: 2ng; 3: 04ng; 4: 0.08ng; 5: 0.016ng; 6: 3.2
x107°%ng; 7: 6.4x10%ng; 8: 1.28 x 10*ng); *mMFMH: (A): 57C; (B): 63.1C; (C): 0.4 umol/L; (D):
1.6 umol/L; (E): 2ng; (F): 10ng
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3.4. FrRMENESE

ERESLEF TR, R BRI FAREITHS, NS R GEG = B TS, & Mt
17 PCR ¥ ¥4 . SEIGEE R, SIN-1 A NS R i — 20, b Z iR (=1, RERE.
VEEES . & N)BIRY I HA s (K 3(A), RIS A RA s R R, EHTASHE
Dsel. SII0-2 BRANZ4t, AZJEHAMZM =L S TUrES Wy el 7460, TARSRERIES Ry 48 i 2%
(513(B)); BRI ZSIMINGER T AFERIER], EEMTASRBAMAS. =L, WESHEIREE. Y
EEERER, S1-1 @ T ASHR RIS E, molPn-2 &R T JEm 25, EARER TR EE .

AM12345 BM12345

2000 2000

1500 1500
1000 1000
750 750
500 500
250 250
100 100

M: DL2000 Plus DNA Marker; 1: A%; 2: =+; 3: #&48; 4: \EiF%E; 5: £

Figure 3. Electrophoresis results of PCR-amplified bands from Panax ginseng and its confused species. (A) Primer
Pair-1: Specific single bands were amplified only in Panax ginseng, while no specific bands were amplified in other
confused species; (B) Primer Pair-2: In addition to Panax ginseng, bands were also amplified in other Panax herbs,
including Panax notoginseng and Panax quinquefolius

3. ABREZRMPCR & HRHBIKER. (A): 5I93-1: (REAST HBHFFME KT, Hit
ZRMPRTIBERERMERT; (B): 514931-2: RASHN, ASRHMAM = LERFS LY IGE T &KF

4. g
4.1. DNA £EBHEAREASHEALHN PR A

AHEFEET DNA FIEEEAR, BE2 i A2 LH G R mMTES . =151 18S rRNA. ITS1, 5.8S
rRNA J2 ITS2 B 741, fiiik e e SNP A2, FF8it 1P Re % 51 ¥ (PF-1/PR-1 Il PF-2/PR-2),
FRINGESL T POE . MR NS B S50 ARG EE S . R BN 457 7775, DNA %
TERS AR A 3 = RS i P AR M, ARl o PR SE IR 38 A0 A DR 3 0] 565 7 46 R I F R [10] [11] - el 2 1E
mZiM i, BT RERBH R, WHEANSBE A, 5% #50 N S 1y % AR BRI
Mo K F DNA SRS H AR AN GEFE A 1 v S0, IERE N ZGM MR . o & 18 55 5y TR A5 A /01
FORSCHE . ARk, Bl 3 DR A A0 il P BRI K B, DNA ST 4 AN R 8 itk — D4 v 45 52 (1 vt
FvEARCE, ArhZAT I RBARAE R 4R A B ] S Y AR R [12]

4.2. F5R1E PCR £33 Z0A LR FHER HLEIE

FEABTUH, X PCR N AKAFHIPLAL, BTN 14X NS K 5 TR 1Rs 571 PCR 255177
o SKIRARERW], W VTR SIS -1 MG RE-2, W DEAN R R T SEBLAER I SO . 51
-1 SRR AR KRR, R ASHER P A R R, ARSI (=0 TS R
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& NARY G R R . XK, SIS RS TER X 0 NS 5 HAL SR, & T AS BN A FER
], CHEH T ASENEE. 5I%-2 Bk 7 REW NSNS, =-EMPES Mty
Salr, MIARSBEATES DR LY 18 268 (14 3(B)). XRWISIMIN-2 EHITAREE %R, WX NS
B HALAEAS BEY, BAEF IR %NS =4, VIS Z A F1E— € R PR Pk . I8 I AR KR
TEI L SIPDIREEA DNA BEBIRIE, B 1 BfE PCR S5 1F, HfR 1 Soe 25 B As g A ] S5 42
Pho ARRATIELE NG X A2 ke 5 5 P 91 (0 51 0 i BRI 22 3 PCR $50AR,  ik— 25 it v ] 25 5 1Y)
DHRRETT. BEAL, SR FEOR, RE RN RN 2 AN RERRD, DRI R HER PR AT Ax T
Yo RUEADTTT OAE T ERE R EBET T IR, (EREARITEON R —, ARRBREEAR, WA F i
AR IS R I SR dh, i D IEZ T A R G PEA AR E 1

4.3. ABLEHBRARNNRAMESREEZRGE

AHTFIT KM PCR JHE NS K Gyl b I H DR Bt 7 AT S HoR SR, RAAEE R RtE. R
AR . 20T IR RERE N T TR 25 T M BT R A, B 57 IR T, IR RE 9T B
BIRBLAET 0 T-BG MRS T RO 25% 4. BEE 29 B R A H 28 Y R, DRI AR
M ARBAFICNEE, KK, 458G mEENTFHEARAEYE LSS0, WL — 25T NS RHAR 244
M2 RE HERIEANRSCR o BEAh, BEFE X244 DNA SRR RIIZD 76, HhT DNA SKEHER 40 7%k
e B ) 2 ORI g, BERGR a2 S8 2 A AP RIS A h 258, b 2R IpRiEAL . BIARAE AN BRI K e
BEE WS A . AR, ASHITFE I SN PCR 25 AFIR Y, NS R L G iR B B O 5 4R
P T AATIIEARTE, WOARKE Z 250 IS0 TARRME 7 2% SR, B BRI, RRAHE
FOR] LAt A I it S e HAMBURAEMIER, uh ZiM R RSO S . RO TR

E&WE

FE A BRM 2 e 22 AR XA T H (S H 45 XY-XK-21-04)

S E 3wk
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