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ABSTRACT: Objective To establish a rapid method for identifying the authenticity of medicinal and edible plant
Mentha authenticity by real-time fluorescence quantitative polymerase chain reaction. Methods Based on TagMan

probe technology (TagMan), upstream and downstream primers, and a TagMan probe were designed targeting the
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conserved region within the intron of the chloroplast DNA-encoded ribosomal protein L16 (rpl16) gene to
specifically recognize 3 independent regions on the target sequence. A TagMan reaction system was established to
achieve rapid and accurate identification of Mentha and its homologous species. Results The method demonstrated
good specificity showing amplification exclusively in Mentha samples, and no amplification was observed in
common adulterants. In terms of sensitivity, the cycle threshold (Ct) values exhibited a linear relationship with the
logarithm of template concentration over a broad range (0.01-10000.00 fg/uL) (r’=0.9999). The absolute limit of
detection for Mentha plasmid DNA was 0.01 fg/uL, and the limit of detection for Mentha in real samples reached
0.1% (quality score). Stability testing results showed that all negative controls remained stable without non-specific
amplification. Conclusion This method exhibits high specificity, sensitivity and stability, enabling effective
differentiation between Mentha and its adulterants.

KEY WORDS: real-time fluorescent polymerase chain reaction; Mentha; authenticity verification; rapid detection
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BT, SREme a3 F . 81 A EMERIES
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RAEEMAYRE R R EHE XK, A FhEEIhiE
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WA, ARTHET . B 20 4t 90 4400k, 40+
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FEY N TFBL. H RO R E MR L AR AL 58 R A e
2% i (polymerase chain reaction, PCR), [A]ff X 455
Wy 14 (inter-simple sequence polymorphism, ISSP) . BaHLE"™
W Z & P DNA (random amplified polymorphic DNA,
RAPD). £ & i% 4R 4P 1% (multiplex ligation-dependent
probe amplification, MLPA) 5 DNA IS AR P04 1
AEAE 7 38 AR T v Jo 2 P BB M L K A S GRE I L 95 e R
), HEBGRMIEEZS; i DNA £IEM0 5K B brififb %
FE AR, HTFIEAT PR E, B0 T R AR, #RAE
TR A B A i B SR (L, AHLEZ T, SRRSO
PCR EMHIL A sh b &I AR NAR R, AR ER S TR
R SR R ORI TR I SR A R RIS T 25 A
BUAR, A AT PR S 50 B AR v 4 P RS

SIS PCR O BIAR FE2 5 YRk RS, R%T
i TR S R AT T 22 1 AR R S 8 U e . SERT U
PCRP'HEEH:L LA T MLPA H AR S5 Ml B 24 A
FARIEDY  MLPA R4 41 TR, T E AN L 4458
Ji T T B R AT, O A Yk B T RS M
TE o AW EET IR EN R (TagMan  probe technology,
TaqMan) 2 CIREHBOARMRYE R e F2 B 4% e 14 |
USRS, FRR AR TUNET A By 3 AT X,
HMIH DNA REGHHH ST 3G 0 . TaqMan FEFEIET%¢
AR AE R AR P — SR, HRE A 1 Wl A
S A A e AR Z 1, S e s Rl e T
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10 nm (I, AAMARR GGG SWIBOLREES, W&k
AR 9 S B 2 ARG, A A e 0 1 A7 A Y
. 24 PCR S B EAT A, DNA S84 ) S0 B 1 25K it
TRER, (RIREN A Z A RIIE S 2T 10 nm, “2Okdk
PRAEEERE IR, BRI E 5, TG 5 Rk KR
R, 3 e AU R S WIS R G AR

M2k DNA HIARZHHAR A L16 %3 H (ribosomal
protein L16, rpl16) /N £ ¥ [X 8k B %l iE B 7] T X 43 W 7
N TR P Fh, 16 J5RE ) 5 5 L B B 4y
AE P70 JEF I, ABFFTIEE rpl16 X BEVE A IS AR,
P T —FhIE T TaqMan 2 YCHENF A 0 T8 fa Y5 s AG:
W%, DA T far B LA O 7™ i 114 5 1 5 0,
i shdfr T S WA R R R

1 MRERE

1.1 MRS
1.1.1 # #

WA TRE L SEOR TR BPORTRE . ASET TR 2R
BT RE VS A IR X2 SR T BB A, M
VG AT SRS A AR R T

PR R Bk A= T A9 TR (L) BRA FlA AL,
FRBe % 100 ng/uL 45
112 &% Al

2SI SEEE . PCR R (R A R AT R
w]); Tagman 514 FHRE[E LAY LR A BRAH;
TR CBE(r B at, [ 255 B2 04 B |l TR AL
ZEOK (5 AR ) AR YY), =R R -2 —
J% PU Z, & (Tris-ethylenediaminetetraacetic acid buffer, TE)Z%
iR (pH 8.0)H = KA AL VR Fl); Afh ik 5 4 $ 1L
IR £ (SM-071151L-E01, JJH SRR HESE ] 23 7))o
1.2 UE5E%

TDE60086FV-ULT 27 vK4H(—80 °C). QuantStudio 5
SR ¢ E 1 PCR {X(3E[# Thermo Fisher Scientific /A H]);
Mini-10K+C 2 F 2.0 . MIX-28 W 1R -4 #e (M K B
FATBRZ H]); HVS-1800 #i TAFE & RN s KBRS
R\ E]); TIANLONG 32 %85 PCR {35 (P4 26 K R A FR
25 Fl); HM100-Pro fHIR R 4 J@ i . D1524R &.0HL[HE R
KIEXAN T B ER LB A BRA HI T TYS-MO1 2406
EHL(JLBH B A BR 28 7]); ONETOUCH %R 5 1143 11X
[ A= (P ED ST 88 M A R F]); ME103T 7R (Jfa
0.001 g, Ji L-HMEE ) -FEF 28 w)) .

1.3 SEEFHE

13.1 31454kt
AP IR A ER TaqMan HOUHER Ho A 5,

B X SR ARIE R A RRAE AT IR, M SRASE R A T 4%
FE A2 28 A8 T iy AR PR TR, J2IEARR) DNA &8
TR, R BT F IS BRE S AN T B M) A ik
A2k 1K DNA (¥ rpl16 P8+ XA (rpl16) i it L4075
Y. TSI, FER RS LA 3 AN har X
3, FIF] DNA RAH A s 8 RN

A TF: GGCCCGATAGTATGAAAACCGATT

CATCACTTCATATTATCTGGATCTAAAGAACCAGTCAA
GATATGTTAAATCAGTCATGTCTTTGTAGCAACTGAAAT
AATTAAACTTGAACTTTTTTAAATTTAAAGAAAAATTA
CAGAAGAAAGGTGTGGATAAGAAGAAAGGTGTGGAT
AAATGGAAGGATGAGAGAAAGATAGAAATCGTGAGG
GTTCAAGTCCCTCTATCCCCAATAAAAATAAATAAAAA
AGCCTGATTCCTAAGTAATCATTTATTCTCTTTTTTCGT
CAGCGGTTCCAAATTTGGTATCTTTCTCACTCATTCGA
CTCTTTTTACAAACAAATAGAAACAAGGGGTTCTTTT
TGAAGATCCAAGAAATTCCAGCACCTAGG; #4541

A T AEY TR (A BR A "7 B & . i
Primer Express 3.0.1 ®IM#R5H, SR ME 1 Pk,

=1 3R F

Table 1 Sequences of rimer and probe

P i
F: TGGATCTAAAGAACCAGTCAAGATATGT
§ﬁ;ﬁ1 R: CCTTTCTTCTTATCCACACCTTTCTT
P: FAM AATCAGTCATGTCTTTGTAGCAA-MGB
. F: TCAGTCATGTCTTTGTAGCAACTGAA
?ﬁf;ﬁjz R: TCCTTCCATTTATCCACACCTTTCT

P: FAM-TTATCCACACCTTTCTTCTGTAA-MGB
T F AR B35 1905 R ARER T 5145 P ACERIRST .

1.3.2 A F 4 DNA #9428

GEE R E ARSI AN PNl NIV S N 5 0/ NN ¥ )
FE i 2H SUTIR A s BELARE S BB sl 500K, il A5 4
R

DNA 2 FREL 50~150 mg Fréfay 15~40 mg THEke
B0 E 2 mL BOE T (IR IR, AT
B, —EWERR), AR E ARG S 2
PEHUFESY DNA, BRI 2 NEE T, BN
DNA AR 85 1 43 A 28 A% RR A 3 K o, Jo kR 2
KT 30.00 ng/uL B, H ODyso/ODago 7E 1.7~1.9 ZIF], & 'E
T PCR Y,

1.3.3  SEaF& & PCR R4k &

SRR B BARTFR Sy 25 uLB7, 2x szt 9é ot E & PCR
RN 12.5 pL; E#F5191(10 umol/L) 1 puL; Ri#F514
(10.00 pmol/L) 1 pL; ##41(10.00 umol/L) 0.5 uL; F:dh
DNA st B 5 pL; K XLZE/K 5 ulo AT {5 S0 i
A AT R A A3 1 ) o i ROt PCR AN S i
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¥ ARIEMEEA 37 °C 10 min; 95 °C 5 min 1 MEFN, TR
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AR, LA BRZE KA A BT B, # i 1.3.3 JRifk &
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COHEAMYF-1{E (Mean) . FRUESN 22 (standard deviation, SD)LA
K A8 57 Z B (coefficient of variation, CV)ATEAf FEE M, L
A1)

CV/%= SD
ean

1.3.9  EFAfo A X
43 N AT B B AT VR A 2 B (2-24 & 2-39)i0F
17 DNA RBUR, $08 1.3.3 WA R K s b 7 wE A7 HEmf

x100% (1)

FE ARSI
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ABRFEI A SERIS AT T 3 M B A . SER B
ISR EEHE I 2R 5 2 B . WPS Office (12.1.0.24657)
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TR WNTCRRIRUEI, AT Geit 43 M Bk 4 AR ] i) S Ak 3
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2 HREDR

2.1 SI4IFEREHIRT S
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1 AT R — 0N, G0E HH— 2 H et (a1, {55 il
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PEY SA5 5 (18 1), USSR Wyt L 4 5 vk 5 R A%
BOR, H IR SR I R & U e v

18.00r o irss | 19y (w5 02
o~ 1OO0F pfExEaR  BEPEXSAE
< 14.00+
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X goof
ﬂi 6.001
>
Z 400t

2.00F
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1 AT 1 S E B PCR &7 il 2k
Fig.l1 Real-time fluorescence quantitative PCR amplification
curves of Mentha primer 1
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FrRfEfZe BoR: 78 0.01~10000.00 fg/pL JLEIPR, Ct
{5 A5 0 B o 50 2 R 1 6 R (r°=0.9999), i fif ) 446 %if
R HBRS 0.01 fo/pl. PRuEfhg HBANE 2, RAEUE N
R E 3,

FRUERRER AT BN, Ct (B -S AR MR B X 55 2 I e
A (r7=0.9999), FE4r W iE T %A AR R &40 7 19 &
BRETT o IR UFSE I ME— RS, AR A R AR AR B 45
PR BB R AR e VAN B o X i R AR I
2 A SRR TS A R M R B TR EE AR SR

2.3 #BE; DNA REELER
FEvR K 2.28%10% copies/uL F AT AZ R DNA 6 B 7
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B, A TE Zopil 10 158 %5 B IZ R DNA, 15 %
2.28x10°~2.28x10* copies/uL £ 5 PUREERRSE, IFA%RR
DNA RIS, 5 R E 4, HIE 4 TH1, XFF e %
DNA, %A H AR 1 4a 3t RAYUE N 2.28%107 copies/uL.
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] e

a Y=33633X+41.894 e

S20f 12=0.9999 h
15r
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Fig.2 Standard curves of real-time fluorescence quantitative
PCR for Mentha plasmids
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Fig.3 Real-time fluorescence quantitative PCR amplification
curves of the Mentha plasmid
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Fig.4 Real-time fluorescence quantitative PCR amplification
curves of Mentha nucleic acid
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B9 I A 5% T AR YR Y R A I B PG R, SRS T
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Fig.5 Specific amplification curves of real-time fluorescence
quantitative PCR of Mentha
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Fig.6 Amplification curves of the limit of detection of real-time
fluorescence quantitative PCR for Mentha
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PIfEE s X —E5 R — 2B UE T 5 i h (0 e S5 A
DR ZR A AT R, HERR T 5250 0 FE HR AT BE S BLAG B BH 4 T
P, MRS TR ENMELS R, AR T K
LR AR A
16.00
14001 mFFIPE IR W
12.00
10.00 -
8.00F
6.00 -
4.00
2.00

AR DR BE (x10°)

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Fig.7 Real-time fluorescence quantitative PCR amplification
curve of Mentha stability

2.6 EEMEMNER
5N 2 R, 10000.00 fg/pl A4 BHPE & PR

CV 4 0.86%; 100.00 fg/uL 1) B 2 & M5 CV R 1.00%;
1.00 fg/uL (MM & I CV 2y 0.40%; #4 Halle
CV H/NTF 5%, S5ARW], 27 kI A& R HA RIFH
A

*2 EEMHER
Table 2 Results of repeatability test
JB ik T/ (fg/uL) FHE CVs/%
10000.00 17.70+0.15 0.86
100.00 24.47+0.24 1.00
1.00 30.57+0.12 0.40

2.7 SEKERMEmERMERNEE R

PrA AT RS Y Ct (HY/NT 25, BrA i i A #h
FEAIITG Ct i P IEZR LR 3, %45 RS Rk s
IO RSCH o B — B, FE— AP HRUE T2 A A R T S PR it
SR ER Y . FOREE FRE(CE B/ TR T 25 B, K
T35 JBATE i AR B B B, TERR GRS R BUE Y
RIS, A O 1A BH A XU, Ay 52 24k ot b 3 Ay DA
S RS S Pt T AT SRR e

#3 EFRERIEIIEES PCRIIBER
Table 3 Real-time fluorescence quantitative PCR amplification results of actual samples

fLAE FEA G5 FEARZ R FEA A N HARFEH CtfH
E10 2-24 AT 1 18.316
F10 225 T 2 23215
G10 2-26 T 3 20.621
H10 2-27 HF 4 24.426
Ell 2-28 T 1 -
F11 2-29 EPiNU .
Gl1 2-30 LN -
H11 2-31 AFT -
6-RILTNE
Al2 2-32 EIRn 2 -
i (6—carbo>.(yf1u Bl
B12 2-33 fi B 2 orescein, -
FAM)
C12 2-34 EEEE 1 AR A 21.361
D12 2-35 a1 EaiREA 22.398
El2 2-36 PR S 23.165
F12 2-37 AFETHARAY 22.137
G12 2-38 e BEE 2 WiATIR A 21.103
H12 2-39 TR 1R LIRS -
Cll NG = H _
D11 PG BHE R 14.973

TE: R T HMEUE
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i Z AR, Bk 2RO R, RARZN
AL SRR, X TR 2 A 1 S ) ey O SR PR
HAl, %8 PCR £iAR R HATERMHES PCR, £ PCR.,
A3 ARG D S S i PCR 357 ik B FEAE Y
FUSAFRN 2 N . o, SEREEOEE i PCR I 2
WERA . R R FLJCTR H UK S AT A A7 G . ANBIF S ik
F TaqMan R4} (14 S92 B PCR @37 (Y — R far (1 21
Ptk S 50 vk, SCBLHEAT 5 R MR R 400 . 5
PCR IEHMIH, I X PCR =4 UEA 450, BEfe T 9 44
YIRTE Y. P W5, @il CeER/NE TR E . HA R
B OBRAERIE . SRS BN R IR e S

A L X AT i SRR RS, BT T 2 B89,
A H T R —E i AR, 5 SRS [ s 1 1,
RYAN QL 21l S oal Er e TN L/ S Vit it d SN R A w1
RAF, Mifr Ct H/F 25, ke &opnl | Wi, 63T
¥ITC CHEL CtERT 30; R R, AR AT H Ry
0.01 fg/uL, WEATAZER AR B A 2.28x10% copies/ul, EL5L
e SRRy 0.1%. 51403538 PCR A ML, 4By e
S7.fA) TagMan SERT 2856 PCR J5 ik R BUE £ F+25 100~1000
B HBRIE 0.01 fg/ul), HIGW G Sk, BEMRK
RIE YA, MR TR FERE, EHIEARZ M T
AR . PR, AT G Rh (A gERE R 4
TRHEE) Y XA MER RIS 100%, TIE AT e AR se sk
AR R IR 20%~40%, WF57 45 R RS J¢ 5 PCR
Rt W fr S I R X 4y, HOTik RS S . Fe ek
I BV BRAERE, BETTIRENA A>T AR YA
BE R BMEEBIRES; R BB 2R Al
T 37 Wi WL B4 7 M LA A bRl T S 1 oy O 2
UE B

SE MR
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