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Development and application of an ultra-fast closed-tube Real-time VPCR
detection system for Pinellia pedatisecta
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Abstract: Objective To develop an ultra-fast closed-tube detection system for Pinellia pedatisecta specific DNA to realize fast
identification of P. pedatisecta. Methods Species-specific primer pairs and probe were designed based on the P. pedatisecta unique
sequence. The Real-time VPCR system was established by optimization of the concentrations of primers, probe, temperature, etc.
Characters of a detection method including specificity, sensitivity and generality were systematically studied. Results The
amplification and detection process for P. pedatisecta specific DNA could be finished within 24 min. The developed method was also
proved to be with high specificity without any cross reaction in related species. The detection limit was as low as picogram of DNA.
A total of 56 samples from seven batches of Pinelliae Rhizoma were evaluated by the developed method. It turned out that 16
samples from two batches were identified as rhizoma from P. pedatisecta. And all these results were 100% consistent with the
sequencing results. Conclusion The proposed method which is sensitive, rapid and pollution-resistant can be used as a specific
identification method for Pinelliae Pedatisectae Rhizoma. It could also provide a reference for quality control of Pinelliae
Pedatisectae Rhizoma and Pinelliae Rhizoma.
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SERRLE BN K ERHEY) B Pinellia ternata
(Thunb.) Breit [ FgzE. BT LERTHTRE
R, ik, Wig LR AMB IR
W, Forr s WD iR R g B, AR
MES RIS LA, S TSz 5
FEINAE LA 4o BT DAZE ST R R R S PR )
T PR R R MR E A I R 2 A A K 2 Fh
M I PR FH SR T R

FIFH DNA 3558 HoAR W] LS 244 S
FRZ S R O SRS, 2010 L, T
iR CPEZI) JefEiek T ARG DA, Bipliol
E A FI, S48 A Rie e N I 2 AN R 25 3R
e U B S, (REZGH) 2020 RIS HT
BT (RSN (PCR) 74) RIF1 (DNA I
FPEARFE TR 12, S DNA 43 1% e 5K M H
T2 B e I R A B e T R A SRR
Jt PCR (Real-time PCR) $iAR/&7E PCR ¥ 14t
ek, B OEE S, XF PCR I AR AT S e
—FHEAR . EHANBNIEAFTEI S, R
FERE 4 T PCR #38 =Wi5 e, [RINT BTt
AR — Pl WA, AH E A& s IR B e
PR 25 PRSI AT LTS 2 K 1 N AR R B[R] K
A, AEWIEH T REFAKYEEN, Hitog
12 NI PR JE A A ), SR DR i DAL PR
7 ST BB %5 e 5 2 M, 2019 R REE R B S
(11380 28 PR B PO A T S DU 0 DK 08 R P v

HEH R RT-PCR #1/ERH PCR #5454t =20
BT, BN R 2 1 h, ARSEA
FERTIAMIAF T R I, PCR AR As . B k. %E
i 3ANPIRA R — e BAEAE S 3 /MR FE s HLARRF—
SERTRIA BETERL, T/ ] ME— Nl BRI AR
P, R R AR R TR AR 2 AN S (AR [E] AR
16, AT DA RR DUy 108, B T PO AL R
PGSR RE B T TE 3 ANREE p A BN IR, M
PR g 38 S TR KB A A, (RIS F T4k R
X i s REME AN ESR V7 8, Fi
¥ R POEAZERY R4 N “VPCR”. TR T
IER T VPCR HAH] AR F TS 2 ' et il (4 5%
ArlgE U N, BAN “Real-time VPCR”.
Real-time VPCR A [FFE AT DL L ERY G A (T i
A 1 h P42 20 min 245 . FTbL, 2SSt
Real-time VPCR HiAR, #2371 j e rg R E e b
YT, AT RASE 24 min P9 SER SERI, LB

B RUSCER A RS2
1 MRFMLER
1.1 #H

RSP AU ) PR 3 R 22 P, pedatisecta. 5
P. ternata. 7K¥>E Typhonium flagelliforme (Lodd.)
Blume F1K 52 Arisaema erubescens (Wall.) Schott H
KA, AR B AR SR AR 5 LR
ITS PRI 4E Joie: T ENR 7 #t25 K5 H
HRPEH (G5 D HiEK (s 2. 3), k%
(I 4 PUNIEGEE (G5 5 6) TLPUFEM (4
57, flk 8 MEA (a~h). Easy Tag DNA F&

75 AP111) . Trans2K DNA Marker ( 17 =

BM111-01). dNTPs (25 AD101-12) ¥4 H b4
LEEMBARGRAF; GELVIEW (1% EP1501)
Wbt aZw AR BEkE (525 TSI00D JET
AR A ARG IR AR 514 (HAP 4lifk).
PRER (HPLC 4fift) 51T BAETAY) (Hil) #
REWRAF; HEYEERH DNA REGKFI& (S
DE-06113) I H sl ARFR A MBARG IR AR FT9h
ARG PO e GRS (P25 C601-01) T H
P B E R E R R A PR A A
1.2 X8

Thermo Shaker 184X (Hi/HEHA); Legend
Micro 21R &5.0HL(SEE Thermo A F]D; %65 & PCR
{% ( Thermo Scientific PikoReal Real-Time PCR
System); HIIK RS (JLR7S—14#F) )5 Typhoon FLA
7000 IP I ARHEEER K8 R4 (GE A7), ND5000 i
RSN AT WO (AR AR,
2 Bk
2.1 DNAEH

SKELR ALY DNA $RBURA & (D
XPFEAH) DNA HEATHREC: BRI SR — Ik JT By
VIEFEML Ry, SIHCh &5 5~10 mg & T
1.5 mL .08, 42 EAEY) DNA $2 0G0 1
TP BRHEIT DNA 250 Fri B DNA 28
AN IO EETHI E A FE AR R, BREFIR U
141, DNA BERMRE 2 10 ng/ul #EATEH .
2.2 Real-time VPCR ¥ 1%

PL “2.17 TR 4% DNA fE R, KA E
B R F® G %W HPL ( 5°-GGGAGAC-
TCCTGACGATCGGC-3’), HRP1 (5’-CCACGCAG-
GCCATCACTTGAT-3>), Ll TagMan #%F HP
(5’-FAM-CGTGGGCCGGCGGGACGAC-3’-BHQ1)
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HEATY MG FIRI o SMiAA 22 : 10 X Taq buffer 2.5 pL;
EasyTaq B 2 ~Hf7; IERAIGIH% 0.6 pmol/L;
TagMan 8%t 0.3 pmol/L, dNTPs 0.2 mmol/L; MgCl,
2 mmol/L; DNA $2EUK 1 pL; 1K B KM 2 20 pL.
AL N 95 CHiR%E 30s; 94 ‘CAEMEO0s, 60 C
0s, FAM JEIEZRIGREE, TEFL 40 K.
2.3 ITS A &5

PL“2.17 TR 145 (1) DNA VE AR, KA ITS
i A 54 ITS 5a fwd ( 5’-CCTTATCATTTAG-
AGGAAGGAG-3>), ITS 4 rev (5°-TCCTCCG-
CTTATTGATATGC-3*) #HATH AR . e Bk R
J9: 10X Taq buffer 2.5 pL; EasyTaq fiF 2 4™ 547
1E & [H 51445 0.1 mmol/L; dNTPs 0.2 mmol/L; DNA
PR 1 pLs MKBEKENE 20 pl. F3GFEF A
95 Cfi#%% 30s; 94 CAM: 55, 50C 55,72 C 30
s, ¥R 35 K. ¥ = niEk & YA F R Lidia
FA 51 EAT R o
2.4 IRRRTERARERIK

PCR ¥ Real-time VPCR #8450 i, Hufy i
PS5 uL 5 1 puL BRI TIR G, FHRAm
24 GELVIEW Je a1 B B ML AT ik 70 &, &
BIHE 150 V, HLPKEFE] 10 ming HIKEE R, Hi%
BERE T IR R R AT IR
2.5 Real-time VPCR /&= 418490 F R0 EL 3t 43 4

R BT FhFh S b I 110 e P v Pl R &7,
Fo R SR E UL R : ¥ Real-time VPCR 3347724
HEERPAE, 2SR R RS, R
JEZ AT TBOR R IR JR IR, A PR AT D, pe
KB, PRECR SRR A 2 7R A M13 a5
) M13F (5’-TGTAAAACGACGGCCAGT-3") #4T
. Frill#5 5% 7E Genbank BLAST Chttps://blast.
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ncbi.nim.nih.gov/Blast.cgi) 3k 33E47 EL Xt 2347
26 EHEXHARNFEE

FSEREAKE I, K5 7E Real-time VPCR Y™
Wk R R P25 R By S ek B A A A,
FIH R HE M ER R 519 HPL (5-GGGAGACT-
CCTGACGATCGGC-3’) Hizitirfy, WP F5)
7t Genbank BLAST Wit 47 Luxto3#r, 745
SR B R e R B P 51 (AF469040.1) — 0 K
Wi pE 2 FEA; XT7E Real-time VPCR &S
Wk i SR IS R BIREAS, B DNA S 506K,
Fo I8 O R IE SRR TR T VAT o4, P 4E A
Ky s B A A, IR S ATRE - 2 R
S5 BP3 (5°-GGGAGACTCCCGACGATCG-
CA-3") B AT IR, W 7 Fy 5II{E Genbank BLAST
WG EAT LERE AT, WP 4 R S 50 o B S
(AF469036.1) — 33 HIW R EREA,
3 HERE5SH
31 FHS AR S FnIRE 80T

RS ITS 7 Ao 3474 B A e i 77 A5 31
JREME. FE. REEVAKEERITS 741, I
WP 55115 Genbank o AT FIAERT LG, KIL
Frf3 7315 Genbank H BT &0 751—8 R ¥R
FH1%90 5 8 AF469040.1, FHFEHIEIIL SN
AF469036.1, /KIJ-HFFIEic'S N AM777883.1, K
R FHIB0 5N JF975897.1.) KU HI LRk
WU I F BT ST, Eet s SRR BR E R R 5K
FA BRI ZE 0K, ARILEEZ)R 78%:; %
H#ES5YEHT)E T FEREREEY, Fyraets
iX 92%. ARHEATHARIET FLL 50 LA 51 AN TagMan 45
BV, 4 22 Sl A 5 | AR 1) 300, 1
THHXIRY S BT R B2 5 | 0 FIEREE (BT .
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Fig. 1 Sequence alignments of ITS (partial sequence) from P. pedatisecta and its closely related species
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3.2 Real-time VPCR K RRVZE I FL1L

141 Real-time VPCR (1A ER, 2351155 5140k
FRERRFEREAT T AL, Wil 2-A FiR, 510 ELE
0.2~0.6 umol/L, BEZ 5IVIMEESEM, CfEM 26.12
B2 20.99, {HZY451WREM 0.6 pmol/L F& 1
umol/L (i FRH, CUEBAK, AR i-Fid 5|
IR FE T e S ECARRE S AR, Wk 51 PR
BeE N 0.6 umol/L. EFREHRIE T, a1l 2-B Bk,

321 A
o - — ——0.2 pmol L1
S ,./' 0.4 pmol L%
— L
é 16 Vs 0.6 pmol L%
2 0.8 umol L1
& g __— —lLoumoli?
- Pl gk
z - B H
o - - __:—"/
10 20 30 40
TEHHL

PEREHAREE M 0.1umol/L F+ % 0.3 pmol/L Fid 2,
Cifti M 21.66 A 20.85, {HZRENAEEM 0.3
umol/L F+2 0.5 pmol/L HiLFEH, CAEZMAK, Fr
PUKHRETR B EE N 0.3 pmol/L. T AR 2 ELE 20
P IR BR R, PALE 5190 0.6 pmol/Ls 5
EHAREEN 0.3 pmol/L, MFEFFHN 95 CHgsE 30 s;
94 C. 0s, 60°C. 0s, FAM BB KA, fEH 40
o SN AR 24 min.
32r B

— —0.1 umol L*

- 0.2 ymol L2
/ 0.3 pmol L1
S 0.4 pmol L1
p— 0.5 umol Lt
// IE
-

0
10 20 30 40
A

RFU/(X 10%)
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2 5|49 (A) FEREt (B) iREMRIL
Fig. 2 Optimization of primers (A) and probes concentration (B)
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FIFH 2% Real-time VPCR Kl %) j&
HRE. FE. KCEEUEREENERA DNA
HEATY HEFIRCI,  ATFT =5 52 BT S SL AR R R 5
PRI WL R UK 3-A Fior, (R HE R B RR
AHEMY AL, CETE 20 MER A4, M
fil 3 AN ELFRTE 40 /MIGER LA B TC B A1, K%y

= 22 B IR R B A FEL KA, PR I 45 SR
596 PCR 45 - —5: AR HE i B FE ARG R 7 1
[ E [ DNA 474, A RE S 353 R 5
PRI $ S P (B 3-B).  FiRes R RIZ T A
A RUFIRER M By 38 P WiV B v g 1%
MFEA TR, W45 R B R %555 Genbank 1
REFEFY] (AF469040.1) /2 A8 #on
ZEEA m R (B 3-C).
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LRI
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A-Fluorescence amplification plot of P. pedatisecta and its closely related species B-Agarose gel analysis of Real-time VPCR with P. pedatisecta and its
closely related species C-Sequencing and alignment results of P. pedatisecta Real-time-VPCR products M-Marker
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Fig. 3 Specificity and accuracy studies
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34 EZEEE Real-time VPCR ARRBEER
I P A 1 R 1) S RS 43 et R BV i Ny
0.1~1X10* pg/uL (1525 g FE KL [FIZH DNA AT SERT
P VPCR A, 2 ety 48 th R bt ih 28 1
4, RIS ERTTA (B 4-A), AR A
0.1 pg/uL B, TEFGY 14 2k b ain] UG 2B Sy

FEZL, WHTZAR R AT LU IR E 0.1 pg/ul
DNA it . SREFM, MARHEI it nar LA (]
4-B), HRFCIIBRFT IR EAE 0.1~10 ng/ul W,
Cfii 5 DNA WKL) Ig {5 2 A AR R 4 (R?) 79 0.999
6, KW & MAAE RIFIIAMER R, WIZER
FM R, EEIITOE PCR 74T .

20 A B
- _ 3Br =— 2 =
16} 01 pg'}iI; 1 ‘.. Y=-3.2656 X +29.808, R*=0.999 6
g. 12 —oopent 4 0 e,
X / 10 pg-uL | ‘
3 8 / 100 pg-pL -}\D‘_ii 25 | e,
& // 1000 pgult & ...
4 /’ 10 000 pg-uL* 20} e, )
/ B Tre,
0 B i — 0 1 1 * )
10 20 30 40 -1 1 3 4

B

Ig DNA JiiEWR¥

A-BEEERRER S5 5 DNA F 3 th2k  B-hrvfdhk

A-Fluorescence amplification plot generated by serially diluted P. pedatisecta DNA extracts B-Calibration curve generated by serially diluted P. pedatisecta

DNA extracts

B4 REYEHRR
Fig. 4 Sensitivity analysis

35 EXHARENER

WIHTHTR, MTREmEENAHCEEAH, &
P SR FiA R 375 Real-time VPCR R
T IGR ZAT R FRIGH) “E 7 2 TR
HHEAIH “2.27 Wit ETiR ) DNA $2HC5 25 g 7
ANIRIE 56 MEAHT DNA HEATHREL, FE5H BB )
DNA Jii T e Azt BRI Real-time VPCR
P3G Bk DNA BT ARG . A 4h R
N BB LRSS 3 Sk 16 AMEATELR R A1)
PO SRR R =R T S 2k, B CUEIITE
20 iiti (B 5-A. B), #n ik 16 MEA KR ERM
EIMAREE, § = pd— SRR, e
PR R AR HoAy 40 MREASTCHI By 1 dh 2k,
JHIE DNA T e 2 s (B 5-Co. Hit, @
Tk DA 4 BRAIE B B g ST 1) R e A I vk R
A e RN S R
4 g

MEME R AT ULE, PEAM N —, B
BER, HTHEDMERER, YES5REEEE
LAY L ER O LA, 1A DNA 4>
TP AT LUA U0 2568 B A AT HERf IR 5558
RGNS e R T IES S, ARSI T
W, HTHAC A SCHRIRGE T E A E A S T
VRO, ARSCIGHRGE T PR R R PR E,

B AT CAE AR 78, AxTHI SR B 254 DA RS 3
F R MR 59— J7 T, P2 R
B T M S LG S B AT, R A FUUE B LA
DNA J9ZEai i) 43 %5 58 J7 0] DL UK R T
ZMIEMESEN); fEEEST E, HT DNA &
SRS TE] L 2404 fif A7 TR) 5 TR 3R B e ok, 1
2k DNA & 8RN0 256 5 i 347 8 & M A
T, (EEARYE A FU 45 3L, B s al e &4
AT LUK — L2560 REGIHEE 4, B — 2 &4 H
IR ZH, xR — R BRI AT %00, B Jm it
TG, SRR I E B rEs B.
BSEIUN KEFEAR MBS B, KRB R ZAS I 7
RS POE (F5E. MR R K EREA
Real-time PCR i i T 3L HAT P . St sl
AT DU BRI 5 Y5 2, B RTTE I AR B A=)
(ARSI 7 T S BN 32, ABTEHR 2 AN S 58
MIEARIE R D, ASZIGTE Real-time PCR 2 3
b, #SL T N BRE) Real-time VPCR Kl 51,
A ZEAR 1) B FH AR A3 B faj s AN EREE,  H AT SE
TAE 24 min 2 N 58 B0 T 3 R AR R DNA TR
SR SRS R, B G T T SR AR 2 5 15 Y
I /1, 7 VA B A v PR ) At 3 B R
Ry S AR SO 05, XF 7 AN 56 AN B TR A i
i e AR T O IR R HERA e NS P o Bt 7 Y
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25, A _ o5, B
= ——3a
& & 20 —3b
=] 9 ——3c
X g 1 3
3 3 3e
& & 10 3f
39
5
~——3h
0 RRIE
10

AR LA SO LA B-3 3 ARSI  C-ITAZiM B A A RealtimeVPCR KNZ5 R “+ 7 Fon A WK IG#2k, H C
AT 35 =7 FoRTMAKY L, H CAHRT 35 80C Cifl

A-fluorescence amplification plot generated by the first batch of samples B-fluorescence amplification plot generated by the third batch of samples
C-sample photos and analysis results of the 56 samples

El5 HARREFENER

Fig.5 Sample photos and analysis results
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TEEARTABEBETE AR, A5 I AL A T A A AT A%
MY MG HORIHE R, HESh B B IR AR IR ]
W R PRI T A AT AR 3
BRI IRY B ANy S s 3 20
PR, ASSIIG N PO AL R PR MR T R R 2
PO RLIR B DO S S AN 8= DA I 1t 764
JEMIRF A, WAl BLES 5 DNA B s iU AR,
FUATCLSEHUR SR B M EEE . milE. Pk
AL, A R e 24 5 PRSI S s 82 P AL e R Rk
F L HEZ)) 2 DRI RO A 24 o A ]
ISEPRRL T o[RS, ASSEEG i A A D 2t ml BAAET
BIHABAR LG SRR, AR 2 R B R VR R ST Y
WEMSTE
RBHR PTAEH P RARALEA G FR
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