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ABSTRACT: Objective
identification of Panax notoginseng based on the psbA-trnH sequence of chloroplast gene using fluorescent PCR

To establish a real-time fluorescent polymerase chain reaction (PCR) method for the
technique by TB Green dye method. Methods By comparing the psbA-trnH sequences of Panax notoginseng and
Panax ginseng, Panax quinquefolius and Panax japonicus, a pair of Panax notoginseng-specific primers was
designed, the annealing temperature was optimized, sensitivity experiments were performed, and the specificity,
applicability and anti-interference of the method were verified, and finally, commercial samples of Panax
notoginseng were detected. The 18S rDNA primer was used as the internal reference for quality control of DNA
extraction and reaction system. Results The sensitivity of the established real-time fluorescence PCR method with
Panax notoginseng dye method was 0.001 ng/uL; the specificity was good, and there was no cross-reactivity with 18
kinds of closely related and common Chinese herbal medicinal materials; the applicability and anti-interference were
also good; the results of the detection of 28 commercially available Panax notoginseng samples with different
processing methods were consistent with the sequencing results. Conclusion The established real-time fluorescence
PCR method of Panax notoginseng dye method is rapid, accurate and sensitive, and can be used to identify Panax
notoginseng components in Panax notoginseng products.

KEY WORDS: Panax notoginseng; real-time fluorescent polymerase chain reaction; dye method; identification
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Z . WS ML E PCR ik 1% PCR 1Yy ik
UGS TR EEIK, BT A e ), i HA kR B —
EREE, BEFEUEPVRA psbA-trnH 8 HE Iy T
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YeRHH DNA SRR MR 25 G, IR 21286155, A
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Table 1 Information on applicability of the experimental

samples

P 7 s P

SQ =~ KRIET SQ-12 PN |
SQ-1 mEIT SQ-13 =i
SQ-2 P RS SQ-14 Py MUE
SQ-3 “RHEK SQ-15 =My
SQ-4 PR F S SQ-16 Ak
SQ-5 PN EJE| SQ-17 “EHA
SQ-6 JUVEARY SQ-18 = F i R
SQ-7 = Ak SQ-19 PR
SQ-8 = SQ-20 Py apayi
SQ-9 e SQ-21 (Yl e=d
SQ-10 /NI SQ-22 PN R i)
SQ-11 ZHEE SQ-23 =4

1.2 SRRt

0.5 mol/L Z —_Ji U Z. 1% (ethylene diamine tetraacetic
acid, EDTA). 1 mol/L = ¥ H Jt 2 5t H b 48 2 6 (tris
hydrochloride, Tris-HCI)ZZ ik . + /< bi 2k = H B iR b 8%
(hexadecyl trimethyl ammonium bromide, CTAB)( & 4fi
AL R ERHARA R, oK CBEOHral, Koo
I AT BRZ W), SR (o Brali, K KU A~ 125
BHE A B H]); 2R 0 Mk 6 B8 i (polyvinyl  pyrrolidone,
PVP) (7 #rall, PR LR A R R, TB Green®
Premix Ex Taq™ II (Tli RNaseH Plus) (RR820A). Ex Taq®
DNA Polymerase (RRO01B)(F AW TR iEH BRAF]); 5l
YA TAEY) TR R A BRA WlE 8 CTAB 2P 20
g/L CTAB, 81.7 g/L & At4N. 0.1 mol/L Tris-HCI Z& i |
0.02 mol/L EDTA . 20 g/L PVP,

1.3 (UFE5E&

Pulverisette 6 HLHEAT B A BREEHL(E E FRITSCH /A A);
Nano Drop 2000c ## 4 & 43 J6 %6 B i+ (3£ B Thermo
Scientific Fisher 23 ]); LightCycler® 480 11 SZH}%¢)E
PCR {¥ (¥ Roche 2 F); Gel Doc XR #E % R 5t (32 H
Bio-Rad A H); 3K15 R R &0 HL(EEE SIGMA B0 Hl
BMAEBR Ao
14 XWFE
141 A A EHIEE

e RAE R AR S AR FHTE TR K L 70% 1) 2 B Uk,
60 °CHLT /5, FHEREHLOME R4k, 1 80 Hifi. SRAMR
CTAB JEARBUITA RS IZER L] DNA, JFIE DNA AYHk
AR, LARIYIIEYE 1TS2 S5 P2 )i TRE S B6AIE,
PCR R ZEH 25 uL, H:p TaKaRa Ex Taq 0.2 uL. 10xEx
Taq Buffer (Mg®" plus) 2.5 uL. dNTP Mixture 2 uL. 10 pmol/L
. Fi51#14 0.3 uL. DNA 4% 2 uL. JCFi/K 17.7 pL,
R 25 AH 94 °CTHASIE: 5 min; 94 °CZBYE 30 s, 55 °CiB Kk 30 s,
72 °CHEMH 30 s, 35 MIEFR; 72 °CIEM 10 min., FEH 1%350054H

LR HL TSN PCR JOW 45 SR, PCR § P2 Wpak B A T4
TARA BRA R TR, 2 MEGA 5.0 #4434 Luxt,
T FH 5 R AL 4R ¥ (maximum  likelihood, ML) K faj £ 1=
(maximum parsimony, MP)f4 & EALAR, Bootstrap {E%+#E 1000
K, ML AR E$E Kimura 2-parameter Model .
1.4.2  psbA-trnH & B 57 541 B = L 4% 71 5| 493X 3t

fE Genbank ' F#EH =L, A&, WES . M1&M
psbA-trnH %E A )55 %1, GenBank 543 %]y HQ112882.1 .
HQ112863.1, HQ112888.1, HQ112880.1, | DNAman %k
2 =L psbA-trnH FER REFPEA S, FHiEH Primer 5.0 %
X =R Y psbA-F/R(GE 2), 75 NCBI Hif17
Primer BLAST $iE5 |40 5Pk . SR GB/T 33526—2017 (%%
LD A BT PCR RN ) iy 18S rDNA N 255
193 2)%F DNA $EEUHIS AR R TR

x2 319F5
Table 2 Primer sequences
. 519 .
1 1)(5'-3"
27l o FP31(5"-3")
ITS2-F ATGCGATACTTGGTGTGAAT

ITS2 ITS2-R  TTATTGATATGCTTAAACTCAGCGGG
psbA-trnH psbA-F ACCTAGTTTTTTTAAATAAATTAAATAA

psbA-R AGTCCAACATTTTTTCTTTTA
18SrDNA  18S-F CCTGAGAAACGGCTACCAT
18S-R CGTGTCAGGATTGGGTAAT

1.4.3 45745 iR KR F AL

B =R ESILL =E . AS . WES AT
TSN DNA (5 ng/uL) AR TR KRR tidk, 2=
X BE R R I JE R KA, AR FR 2 20 pL, A TB
Green Premix Ex Taq II (Tli RNaseH Plus) 10 pL, 10 umol/L
F. FiE51#4% 0.8 uL. DNA itz 2 uL. JiHK 6.4 uL,
JWARF 434 PCR & A it 22, Horp PCR 932y
95 °CTHAEM: 30's; 95 °C 55, 1B AIRIE45. 50, 55. 60 °C) 30
s, 72 °C 30 s WIEDOLIES, 340 MEH, Bih&ky g
¥4 95 °C 5's; 60 °C 1 min; 60~95 *CIEEE(E S, 50 °C 30
so HAE ARSI E 45, 50, 55, 60 °C, WELHEP
HahZk, e RR AR
144 RBEFH

=LYl DNA i8] 50 ng/pl, HATHER
B, 8 AMBREE, MRS 4372 50.000, 5.000. 0.500.
0.100., 0.050., 0.010, 0.005, 0.001 ng, FIFIZHI% 2 P47
BE, J5 6 A 3 FATRE, 28 T B AR R JE R K AR
B, 12 FRAL S R DGR HET T RE R B 1 %t PCR R
REENK, NS 514976t PCR BN 2 8RR A
A R NS 25 A 55 S 5 | T A TR
145 457 EE

PL=-E A 18 Flvh 241 3 [ 2] DNA Wi, 25 (1% i
AR I TC IR K AR, SRR RN SR 1.4.4,
UE = LR RS P 0 R S
1.4.6 EFMHEE

4338 R AR | A N S TS 1T 24 AR H
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B ERES R DIFATY RS, 23 ok R R FH JE R K
R, RNARRFIRN S 1.4.4, Bk =4 54519
NS TS 1 H19¢ 5% PCR R B8 T .
147 #FHREZE

PL=-ERARE S ORI 52, A KA RS AR i 2R,
SIS =& 0. 5%, 10%. 40%. 80%. 100%MHiE
AREL, RBULIN DNA, B4t 2 APATRE, 28 xR
FIREAR FA TR, RN AR N 25 1.4.4, BoiiE—
LREFES RN S B 5 115 PCR RO BT T4
1.4.8 T EH &SN

i FESL B R 28 T B AR S A T YL P
PCR )i, =5 [ % B AR FH TR K AR, B 3 Al
FCAEE ] 1.4.4, FRAAGINSE J 500 285 S e T e, 36
TE T A7 7 i i S v

2 GERE5HH

2.1 HERINE

s 1TS2 5@ 5 [ Wh 1 24 4y Al Hude =LA 18 Fh
IS R w W2, i 29 NP P41 5 NCBI Xt
;254 (4 1TS2 J¥ 91 LG X AR ARLEE 47 98%LA |, ML 1 MP
R REEE R BoR(E 1), A = LR A—E,
FTHERATHIA 908%H1 99%, FEMAS . S, 111
HHAER— KT, SRR 91%F1 99%, HAt

T2k 5 NCBI JE H Rz 24584 14 1TS2 J7 40t 5l 3R g —A~
NGRS, DR, fEfE RS 1TS2 800 5 2 A s S2 e i
FEYIA AL AL
2.2 psbA-trnH FHIS TR =4S M5 19 1

=5 AZ. WES. T30 psbA-trnH J7 51
Al AR IR 2), =& psbA-trnH JF5IfY 129, 142, 156,
183, 279 PSRBT, AL G, T. T, MAZ, F¥E
ZHE R C. T, A, C. A, IFH =LK psbA-trnH
JPHNAEES 145~152 PLSAFTEBAEAA A, 7E55 285~290 fii i
TETERRSE SR, DAL IEnt, FFei a5 iR R . 519
ZRARTN R e 2R E R E X5 A s, Wit =t
BRSS9,
23 FERMSIYRAEEMSL

TEIR KIRE 45, 50, 55, 60 °C&UEF, Hrgtks|y
psbA-F/R Xf 5 PCR RN pHZk i 3 frn. Bl
FHiIR SRR TR, BRI RER A (X B O, Bk
TR 45, 50, 55 °CHY, =-E¥HE I BAR BRI K f P38
HhZk, T3 E{E (cycle threshold, Ct) N 16 A4 HiR kil
FEIEF] 60 °CHF, =-E 1785t PCR 718 i £k S” Rk K R B
5, PIGALER A B AL, U0 BH R R R S A T R N Y
PHeR, RIEE SR JOR B AIVE 5 S 8RR S vk
B, R BERRR KR 55 °C,

A ML R, B S MP iEfE#; 45 SQ. SQ-1~SQ-23 XFRi# 1 1 24 I AFIMIE —-E#EM, RS W AS . XYS AVEHES . ZIS N
M52, HQ WEE., GC HHE ., LZ HRZ . RCR HHMKE ., TZS HKFZ. ZS kWP, JITSQ FH K=+ . BSS KitibZ . BBSQ
HAB =L, XSHZXS., CZHEAR, BZHAA. DG FHIH, HD HEE . XM A/hE,

BT T ITS2 FP o R A ) sl = -E At R DL 268 89 ML BEAR A R MP AL
Fig.1 ML evolutionary tree and MP evolutionary tree of Panax notoginseng samples from different regions and common
Chinese herbs based on I1TS2 sequences
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HQ112882.1 Panax notoginseng =+t

HQ112863.1 Panax ginseng A7;5 GACTTACCTAGTTTS TTTAAATAAATTFIAA
HQ112888.1 Panax quinquefolius Vi GACTTACCTAGTTTS TTTAAATAAATTIIAA

HQ112880.1 Panax japonicus 11112 GACTTACCTAGTT'I"TTTAAATAAAT IAA
FHEIWA: [tgacttacctagttt tttaaataaatt aa

240 250 260

aa aa cgtcgttttatttttatcggttgg tcatgagtgagtatc

270 280 290 300 310 320

vl bocroercnn boevocoree bocrocronn boevororo bocrror oo bovvorooec b b

S (O)NUL IR W b T IoY R T2 e will ('TACTTCTTCCCAATCTTTATCTTTTGGGAAGTGTTTTTTHAAAAGARMMIINA AAA A TGTTGGACTTTTTACTTAGTTAATACTT:

HQ112863.1 Panax ginseng P& WCTACTTCTTCCCAATCTTTATCTTTTGGGAAGTGTTTTTT LAAAA AAAAGATLEVEY: TGTTGGACTTTTTACTTAGTTAATACTT
HQ112888.1 Panax quinquefolius piipz - WCTACTTCTTCCCAATCTTTATCTTTTGGGAAGTGTTTTTT FAAAAGAYVXE/NIAAAAA TGTTGGACTTTTTACTTAGTTAATACTT

R A L ok i 2 WC TACTTCTTCCCAATCTTTATCTTTTGGGAAGTGTTTTIT FAAAAGANY, (/N AAAAATGTTGGACTTTTTACTTAGTTAATACTT
FHFEIWZE: |ctacttcttcccaatctttatcttttgggaagtgtttttt aaaaga

aaaaatgttggactttttacttagttaatactt

K2 FPA X a R

Fig.2 Sequence comparison results
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RPFELLE TR 4 iR, 2= DNA SRR E
9 0.001 ng/pL B, R SPEG 280 PCR UG 45 R (14 4A)
o, Ct{EN 29 Zedy; NS T |95t PCR ¥ 1 45 L (&
4B)H, Ct{HA 30 224 . Ht, =L | MNSmE
51Y 55 PCR S A 2B FT iK% 0.001 ng/ul.
25 HRMEW

PRSP SIR A AN 5 iR, RSPt PCR Y™
HERE sAh, HA = CHABIREAY ik, CuE
16 A, 18 FhHAhH 2 M Fias (3 X REJCHA 9 38 4R,
RTLLHE RBAYE, WS FEEIYZOE PCR § G5 1 (B
5B), =LA 18 FhhZibt A W] AR BN 2k, A
55774, CHEAE 17~25 Z ], F ] DNA FZEU I (4
AT, AW 17 e S
2.6 ERAMXE

& FAPESEER 25 N E 6 iR, FEsES 7966 PCR X
N 6A) T, 24 3 ASIRI LI = EAE S AT H5 00 b 3 il
2k, CtIATE 12~23 Z[al, o LLHIE MY, WSS
o PCR i (B 6BYH, 24 FIAS [ LIS =L AE Sk i 2 2¢
NA5 5, WATERIY LR, CEAE 17~25 ZIAl Kk, LA
53] DNA SRR AR R IR LT, A0
ST 8 F TR s =B RE S ARG, 36 PP
2.7 TSRS

P #etEscme s s 7 FioR, fRRrEs19199E PCR
(B A, =EfE 5%, 10%. 40%. 80%. 100%}%)
TRAFES AT I ARSI K 1P 15 4R, CH{ETE 14~20 2
B, =L 0 MIRARE AR B ZOLE S, ToP g ihZk;
WS s s [ P17 PCR RV (7B, 6 AR =L &y
IRAFER:, DNA WM, CeEIE 20 2247, ¥4 I 5ATE
B K g . Mk, DL EZ5HE I DNA REGRIR

NARRICRIGE LN, AR E T W i ae g &4 =+t
TR A FE SR TR, FA B T etk .
2.8 TmEHmEN

Xt 28 (TR UEATR I, BRSBTS, A
TeHOY i ihdk, FEMS1YEOE PCR R Ct fHE
13~23 Z[al, WSS Y1766 PCR KW Ct{EAE 17~24
Z[H] . Z B DNA $EICH R 14 R ICIR AT T, 28 13 i 6%
FES IR =L RSy

SRt — A Uy PG T SEE, X 1TS2 A5
VI R4S B A T B RE A 1TS2 P41 7E NCBI H il 7781 HL R,
LEXFEE S =, IR AIAERUE N 100%. Bk, 4B
(4 7 3 TG T B R A ARSI, 5 LG 45 5 5 0 Py vk
JIT ARG 45 S — B

3 HFie51ie

AW TET TB Green 796 YLRHNTEG PCR %
=AW, BN R E o OB RS R 1A
ZREL MNP PCR RN A PONES, AR
DY Lk, HNSFEER Ct {E<30.0 i, MIHE DNA
W NRRTGR, 54 =-Els; @&ENS RS YR
Pt PCR N A 9T, AHRETUIG K 76 4k,
MRS T LR R, HNSEER Ct (H<30.0 B,
MK DNA SIS AR R ITCIR, A& =L sy

AR T =R RS IS G NS RS | P
T SRR RS PCR ORI, IR R R
0.001 ng/uL, FrEEsz B LR 18 Fhilr 2k M 7 WL AR 2541 35 0
RSt R, R RE ST, X 24 R[] H
W ERE R A TR BN R i 2, R A B iE
FAPE, IRAFES AT UG =Ly, B0E T AT
71 7 W O Sl I3 i3 07 N 1) 1 = W N e A S
LT =L i B S, T e SEBRAG I ) R
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Fig.3 Results of fluorescence PCR reactions with Panax notoginseng-specific primers under different annealing temperatures
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Fig.4 Fluorescence PCR sensitivity detection of Panax notoginseng specific primers and internal reference quality control primers
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Fig.5 Fluorescence PCR specificity detection for Panax notoginseng specific primers
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Fig.6  Fluorescence PCR suitability detection for Panax notoginseng specific primers and internal reference quality control primers
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Fig.7 Fluorescence PCR interference resistance detection for Panax notoginseng specific primers and internal reference quality control primers
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