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Abstract: Objective To investigate the feasibility of multiple real-time PCR for the detection of Fritillariae Cirrhosae Bulbus and
adulterants. Methods Based on the analysis of interspecies variation, genetic distance and phylogenetic relationship of ITS, psbA-tmH,
rbcL and matK gene sequences, the genes with fast evolution rate, big interspecies variation and small intraspecies variation were selected as
target genes. Fritillariae Cirrhosae Bulbus and adulterants specific primers and Tagman probes were designed to establish a multiplex real-
time PCR assay. Methods were evaluated by comparison of specificity, sensitivity and mixed sample detection and sequencing. Results
The ITS and psbA-trnH mutations were higher than rbcL and matK, and rbcL and matK were significantly lower than ITS and psbA-trmH
genes by genetic distance analysis. And the sensitivity of the establish multiple real-time PCR using ITS as the target gene was 0.01 ng. Four
samples of adulterants were detected in 18 samples, and the results were consistent with the results of NJ tree clustering analysis.

Conclusion Based on the IIS region sequence as the target gene to establish multiple real-time fluorescence PCR detection method
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can successfully identify Fritillariae Cirrhosae Bulbus and its counterfeit goods, which provides a new basis for the authenticity of identification.

Key words: ITS; psbA-trnH; rbcL; matK; multiple real-time fluorescent PCR; Fritillariae Cirrhosae Bulbus; adulterants
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Table 1 Voucher information and GenBank accession numbers of Fritillaria species used in this study

. X . GenBank 5
i (R s ITS psbA-trnH rbcL matK
1 5 DURE F. unibracteata KT861542.1 GQ434876.1  KP711923.1 KF906225.1
2 PR F. ussuriensis DQ191622.1 — IN417432.1 IN417343.1
3 K4 DBk F. dajinensis GQ205114.1 — — GQ205133.1
4 WA DB F. delavayi KP711999.1 — KP711916.1 KP711865.1
5 Hw Bk F. przewalskii GQ205115.1 — — KF906227.1
6 WAL DURE F. hupehensis KF906199.1 — — KF906220.1
7 R LB F. maximoviczii HM045471.1 — KP711917.1 AY624444.1
8 Hrie DBk F. walujewii KP712008.1 KJ956409.1 LM993018.1 LM993133.1
9 FLAm DBk F. wabuensis GQ205131.1 — — GQ205147.1
10 MEHE F. camtschatcensis AY616714.1 — LM992925.1 AY624431.1
11 JI LB F. cirrhosa KP711998.1 HQ662561.1  KMO085476.1  KMO085602.1
12 JELIH DL BE F. crassifolia AY616717.1 — LM992988.1 LM993105.1
13 MEDUEE F. karelini AY616727.1 — LM992957.1 LM993082.1
14 B /R 2 DU Bk F. meleagris AY616730.1 — AY395537.1 KM085608.1
15 AL DR F. pallidiflora KC801072.1 KJ956421.1 LM992984.1 AY624450.1
16 NSRS F. taipaiensis HM045470.1 — KP711919.1 KP711868.1
17 W DUEE F. thunbergii KT030247.1 KF850862.1 KP711920.1 1Q724626.1
18 4 DBt Bolbostemma paniculatum FJ980305.1 GQ162966.1  GQ436397.1 DQ469139.1
#z2 S5|IRFY
Table 2 Primer and sequences
igdl EIEUERS FHl (53 1B KIREE/C Z 7% R
ITS ITS-Leuf GTCCACTGAACCTTATCATTTAG 52 15
ITS4r TCCTCCGCTTATTGATATGC
rbcL rbclF ATGTCACCACAAACAGAAAC 50 16
rbelR TCGCATGTACCTGCAGTAGC
psbA-trnH psbA-rtnHF GTTATGCATGAACGTAATGCTC 53 17
psbA-rtnHR CGCGCATGGTGGATTCACAATC
matK matkF CGATCTATTCATTCAATATTTC 50 16
matkR TCTAGCACACGAAAGTCGAAGT
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Table 3 Primers and probe sequences
GIE/E TS M ERE T (5°—3) JrBi/op
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P )1 DURRRE R E (WP ROX: ACTGGCCCTCCGTGCCTCGT-BHQ2
DIREE @A EE (UP) JOE: CTCGTGTGCGGCGGGCTT-BHQ2
SNE R EREE (IMP) CY5: AAGTACGCTCCATTGGTGACCTCA-BHQ2
ANIEE N R GCAGAATCCCGTGAACCATAATACAGCACGCCGTAAGCTTAACC- 106
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4 ITS. psbA-trnH. rbcL & matK FFEE
Table 4 ITS, psbA-trnH, rbcL, and matK sequence information

B ABOKAMb GCE/%  fRFALE BRME FEAA FH/EER BERE% KoPHH
ITS 658 64.4 332 305 69 2.34 100.00 0.127 609
mat K 1279 40.2 1205 56 48 1.22 44.50 0.199 253
rbcl 1167 435 1066 32 17 3.87 26.25 0.006 299
psbA 451 31.8 163 263 196 0.94 100.00 0.436 131

S, PRARILINER . psbA-trnH JER2S 2 A7 5N
263, ITS AZFA7 54 305, rbel Al matK K AF 7
PEp AR 32 F1 56, FRAE 2% LD 5 41 i) 22 57 B
BRFRANZES . @It DR 8 % 4 A ik 3 1
FU P P9 AR S b B AR S L B ] B /N AR S R P
RSN, RK psbA J7HIFp A 2 7 i
K, ITS k2., tbel Fl matK H/h. FFNZERIEN
[FIFEZ psbA JPHIZERERA, 1TS AN ZERHN,
rbeL Ml matK /). fEYIF/KY Fidid BLAST1 4
Hr, ITS. psbA-trnH % %F354 100%, T rbel
A matK ¥JAE 50%. BRIRZEG 71 ITS IXAEA DL
B BARY) DNA 6T, FETXt NI A (&
1) BESWERINA ITS £ HYF L E LRy
P B TR, VR, Bk, ERERE
Krprp s, BA—wrhs.
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A AR (KT030247.1)
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B5

SEOURE (DQ191622.1)

Fi] 7R 28 DUEE (AY616730.1)
SR UEE (AY616717.1) o)
B DURE (HMO045471.1) "
i ULRE (KP712008.1)

AL DURE (KC801072.1)

L ———— + 1B (FJ980305.1) LA
Bl

1 E&TF ITS FHHaZE N &R RIS NJ &
Fig. 1 NJ tree based on ITS sequences from Fritillaria and
its closely related species
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3.2 HZEWN PCR NS ENEST

FEHUFE N 4L DNA £ 5403 6 B - 5E
FLATEERIIR L, ME Areo/Aago [EIIFE 1.8~2.0,
PREWRELE 10 ng/ul PLE, UiH] DNA 4ifEHR
B, WEEES, fFA PCR §HYZER. x5
VIR FE FERET IR BE AR AL, #e BRI IR G2
WEEN 5.0 umol/L, BRMAKZRN 20 pL, L
2 X TagManMaster Mix 10.0 uL, 5|4 CIERIAIx
M, 10.0 pumol/L) 1.0 pL, AR AW (5.0
umol/L) 1.0~2.0 pL, DNA Template (1~20
ng/uL) 2.0 pL, ddH,0 6.0 pL (¥ 5). PCR i
FER M A 95 C. 2 min; 95 C. 10 s;
58 'C. 35 s; 40 NMER, HEMKEET. 7l
FEARRT I GE R e R RN AT 2 . B
HR S o s L IR G LR, B IR & S A AR B
WA SR, HAHRN 2% i B R i 4
ik, CIE<35, iU DNA $2HUEH M.
33 ZERN PCRYEFFMSLE

TR “2.47 T AR N DUEERI O & DLRE 5
VIRRE VR AT AT R R S 0E, 24 FAM. JOE.
CY5 ROGERE A il g, Hie CAE<35 it
B RFRGAE AR B )1 DURRIEME 7 (B 2)5 24 ROX.

%5 PCRRNFR
Table S PCR reaction system

AL TARKE  F&/uL 2S5
TagMan Master Mix 2 X 10 11X
514 F/R 10 umol-L ™" 1 0.50 pmol-L™"
P 5 umol-L™! 1 0.25 umol-L™
WP 5 umol-L™! 1 0.25 umol-L™
UP 5 umol-L™! 2 0.50 ymol-L™
IMP 5 umol-L™! 1 0.25 umol-L™
SMEYENFRBRL 10 copys 1 10 copys
DNA £ 20 ng-ul! 2 20ng
ddH,0 20
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JOE. CY5 ZOGBMiERet A4 M4y, Hig e
Co H <35 Ui B A AE A Dy iy UL BR IR A B 23
(K 3); HRA CYS FOCBURIRET A3 15 i £&
i, Hife CAE<35 WA A S A ILE
FERMERy (K 4). dER 6 Ll IIE,
N DUEERT O ft DURE B 5190 5 $R 8 BAT IR &5 1P b
R st

225
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0
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(RN
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Fig.2 Specific amplification curve of Fritillaria probe P
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Fig.3 Specific amplification curve of fake Fritillaria probe WP
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Fig. 4 Other none-Fritillaria species amplification curve

3.4 ZESFRE PCR REUE R EMER N

SXof | DA 6P A DR ) A [ ol A P o ™ 3
C MHSG T WR 7, WIEEIRE > BRI iEW
DNA REUEBEN 0.01 ng. EHRTEERN, BT
AL 2 EEE PCR MM A RA RIGMESR
£, PCR ¥ AR N 99.726% 102.77%, W L%
HSEH ¢ PCR X 18 ROR B 1 R o
3.5 REHRNERST

N IR FEBN 1% 5% 10% 25%-
50% B DLBE, X FRFE TR RAT, SRR A
DNA, HHTZ B 5¢6 PCR &, AT ITH
BEMEHIR. g RER, BN 1%
DURE, AT H . R IR 8 A 5.
3.6 tEmie

KAMRALSE 2 BRSO PCR EXNILARA
B 2] S R B DU T 07 R 2R B B A B DA
BERY 18 4 DURERE SBEATAT I, Al 25 R L3k 9,

£6 NINE. HRERNBSIMRIFEHEFFMESIR (x+5,n=5)

Table 6 Primers and probe specificity test of Fritillariae Cirrhosae Bulbus and adulterants (x+s ,n=5)

C1H e
VR TR (FAMD By IDLEFRRT (ROX) _ DURJRM] (JOB)  AMaide (Cvs) S Ve
E45 DBk 21.95+0.12 [FERE 19.71£0.05 20.9440.51 JIDIRE:
IR 25.1940.14 [YEEEa 22.4140.15 20.05+0.18 1| R
Hok DURE 25.96+0.44 BH 44 23.61+0.36 20.184+0.46 JILIRSS
PLAR DURE 22.2740.06 B 4 19.66+0.36 20.90+0.50 JIIDLBE
P IRt 9 4 29.41+0.26 19.9740.05 20.9440.58 £y D1BE
HriE DBk 9 14 18.6240.05 18.5240.49 20.0140.09 £y D1BE
7 JLBE 914 19.22+0.24 19.36+0.09 20.60+0.22 By iy DUBE
ket DBk HERES 21224031 21.5840.17 20.19+0.46 £y DLBE
WAL DLBE 9 14 20.5040.23 20.5840.07 19.0940.12 £y D1BE
Wi DBk ¥ B 4 21.58+0.17 20.19+0.46 DB
L UIBE 9 B 4 B 4 18.254+0.27 [
NS 94 B 4 B 18.72+0.55 [ 4
& 9 4 B4 B 19.19+0.42 [ 4
A ¥ B 4 B 4 18.17+0.37 [
BoRA 9 B 4 B9 4 20.69+0.06 [¥ERiS
Ly 2& 4 9 B 4 B 4 21.1940.55 [
HOAG I ERES BH 4 19.3240.36 [ERES
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Table 7 Detection results of different concentrations of DNA real-time fluorescent PCR
JI JUEE AL LB
R EW T /(ng-uL ™) — JREW T/ (ng-pL ™) —
CAHF¥IME % T 7
6.420 000 22.61 0.37 6.893 333 22.54 0.34
1.284 000 24.65 0.54 1.378 667 24.74 0.29
0.256 800 26.63 0.51 0.275 733 26.75 0.44
0.051 360 28.64 0.57 0.055 147 28.73 0.62
0.010 272 30.12 0.79 0.011 029 30.93 0.81
0.005 136 34.30 1.17 0.005 515 39.93 1.58
0.002 568 40.50 0.19 0.002 757 40.00 0.00
*8 BAKALFIHK PCREVER (x+£5,n=3)
Table 8 Mixed sample real-time fluorescent PCR detection results (; +ts,n=3)
s C il ‘
FEAE A L P S
FAM ROX JOE CY5
100%)1 U 21.7440.05 9 4 19.704-0.02 224040.04  RAEH UEREM: S
JITTERB N 1% EL TR 22.87%0.12 28.11£0.08 19.9040.25 19.2040.06 Kt I DURERI i DTRRE M 4
NN 5K AL IR 23114032 252140.14 20.5040.44 22804002 A H I IUREAIG DT REEAE
N5 10%[ (AL LA 22.63+0.73 21.9840.42 19.6040.11 203041055 A IURERIG 5 DT REJEAE
JTTRiB N 25% (2L I FF 22.7440.36 20.43+0.12 19.00£0.07 19.8040.02  HarHh 1| DUBERI G 5 TR R
NS 50% (2L I #F 23154022 20.19£0.28 18.30£0.39 21504042 I DUREADY i DR Ry
100%¢7 L& 9 14 20.3740.42 19.104-0.06 20501036 FURH il DUREEE gy
A mwe VP | UP mr B
150 150
125 125
< 100 B 100
£ 75 g 75
50 50
25 25
0 0
4 8 12 16 20 24 28 32 36 40 4 8 12 16 20 24 28 32 36 40
EH (DD
¢ b 200
150 175
125 150
100 125
3 Z 100
S 75 S 7
50 50
25 25
0 0
4 8 12 16 20 24 28 32 36 40 4 8 12 16 20 24 28 32 36 40
B2 (DD

5 NI 1EEhZE (A)s (AmIIBHIERIZ (B). JIIIEHEAN 25%FRE I HE#Z (O). JINEHEAN 50%REIIE

ez (D)

Fig. 5 Amplification curve of E cirrhosa (A), adulterants (B), F. cirrhosa incorporation 25% FE pallidiflora amplification

curve (C), E cirrhosa incorporation 50% FE pallidiflora (D)
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Table 9 Actual sample test (x+s,n=23)
TR S KR CfE HRHE
P WP JOE CY5

Bl LI ZRAE £ T 24 TR B B 7 [ 294142006  2887£007 2131205  PyFE IR
B2 2555 £ 2 A T T 5 e o4t 17.67£0.80  20.8610.61  20.43£0.58  fhimIIEE
B3 I 275 £ 25 B B TR 7 B 25454041 B 28.1840.11 2031018  JI|E
B4 A8 2 R I T R e A 16.5940.74  2097+0.82  21.08+046  fthih B
B5 WIZRAE b 2 R e BT 7 B FA 1 17164096  21.06£0.04 20453046 b LB
B6 IZRAE T 24 R 3 B 7 B 24.5740.32 FA 1 268441037  20.59+0.50 I A
B7 IZRAE T 24 R B B 7 B 20.31£0.41 FA 1 24084096  19.59+0.58 I A
BS HIZRAE T 24 R 6 B 7 B 25.95+0.08 B 21554037  20.04+0.18  JI| A
B9 WARA & A IR b 23.3740.61 B 23161060  19.54+046  JI| Ik
B10 WRA B A IR b 22.8740.80 B 24784034 20324043 IR
BI1 WRA & A R IR b 23.43£0.62 B 25.66+0.81 19.84+022 I ULBE
BI2 I FR A8 & 24 S A BT 7 19.3640.01 B 21.96+£0.08  19.52+037 IR
B13 W KB A 2 SR AT 55 Ik 17.06£0.45 [R5 22274004  20.16£0.06  JI| K}
Bl4 HIZRAE T 24 R 6 B 7 B 17.79+0.88 B 14 20524086 19.69+046 I LBt
BI5 WRA & A IR b 19.10£0.43 B 21.844076  20.19£0.09  JI| Ik
Cl DU T5 v O R ) 19.35+0.61 B 21774045 19524022 JI|IUEE
C2 U T5 s O R ) 16.95+0.34 B 20.13£0.12  20.06£0.55  JI| Uk
C3 WU NFJ7 2 A BR A ] 22.0310.96 BH 22.88+028  19.74+0.06 I LB

A 4 Okl O 5 DUBREFIEPERR 5, R 14
WA N IR, Ho S g R RN T IR NI A
BIMER (- 1D B,
4 g

<<EPI%’EJJ£>> 2015 AFERRILWCE LB 24 6
B, RN DURES I DURE, S DURE, A7 DURE,
Wi DURES WIAE DURE . BRE T #0 7 BH 4 DURESR
¥ T E &R ) IRRLE 6 Pk, R
JIDURE, B DURE, HR LR BB DIRE. KA
DUREB FUAT VURE TR 25 . A F3@d X 1TSS
psbA-trnH. rbcL N matK J¥ %115 4% 48 7 70 A &
B: DUBEJE ITS AR 507 s thfl 5 46.35%, psbA-
trnH JERAE AL A Y 58.31%, rbel KA1 matK
F A SR SF A S 3.0% 1 4.65% . ITS. psbA-
trnH. rbcL & matK &R K2P gt A% 5 254 oA
0.127 0. 0.436 0. 0.006 3. 0.199 0. ], rbcL Al
matK P [H] 22 7 2L K 2 K T psbA-trnH Al ITS 2
K. 1T psbA-tmH 2:[H GC & &AL, f£7E polyA
B¢ PolyT Z5#4 %8 5E R M BAK T 1TS X771,

W RFRKERXS 18 AP B E A
ITS RRFFPHIBEATRE M, HE NI RGERKEW
RIADFP ) TG DL W R B =, REAE — B 2
EL‘{ﬁﬁﬁEﬁj\}llm%’éﬁ\ INIRS =S5 i N =
SEE X DUBERHE CBRALDURE) . 396 DUBRERT A I
5 A E DURF R FREE . (HEX T HraEt X I
BEAZR A6t X )~ DURETG B 2 X 43 8 o TR DAL
R X DU REANZR AL Hb X P DLRER) ITS. psbA-
trnH. rbcL & matK 3 [K 751 Z F IR /N o

H #7F FH PCR-RFLP %51 )1 DUBET7 1 290
A (R EZ ) 2015 2R, 1% J515E T DNA 5%
AL @, T A s R IR R
P, BHAERK, THE#RIE S T5 35k A
2 SR A S PE PCR VRS B0 LR, R
TR BRATEE TN, Bl R w5
WREAT AR, AH %I IER RS B IR P,
MXHRZ K. HEtEA SYBR Green 1 i EH T4
52 )1 LR, THi?ﬁiiﬁiﬁ‘HEﬁﬁﬁ‘@F%iﬁ?
Z, S¥EE AR A @RS
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MR ITS. psbA-trnH. rbeL [ matK 4 FfiJ [A]
A VBB Y S ERE U e, EHE ITS XK
FFHE R EIER, Bt 1 DUBE R B i B R = 51 )
SR S REr, R scrE DUBER @ AR E, IRt
N T Bert& Be—BeBHYES 58 N bR AT A 20FEBR PCR
A% 28 Hh AE AL 308 0 T e AR BA 10 R &2
Z A SE 9t PCR HOR, —8 OB A 425101 )
BE Dyt DUBERL RN D5 0 i DUBERIRG s K
KA 1R R e A s P . JE a1
BERE L AR I, 3 4 At e O il DUBE, 9
W2 5 Bl F R NI BRI g g e —
2, UL TTEEXS TN DU RE R R it AR
R, RAEEERE. BRI, Tisg. BT
ZEEAR AL, AN DURE RO S B (LR A
SEH
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