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Establishment of a Multiplex Real-Time PCR Method for Detection of Four Plant-Derived Components and Its
Application to Edible Starches
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Abstract: A multiplex real-time polymerase chain reaction (PCR) method for simultaneous and rapid detection of
components derived from sweet potato, cassava, potato, and corn was established. The g3pdhs gene of sweet potato and
cassava, the UGPase gene of potato and the zSSI/b gene of corn were used as target genes to design specific primers and
TagMan probe, and the 18S rRNA gene was used as the internal reference gene. Methodological validation was performed,
and the proposed method was applied to simulated samples with different mixing ratios and actual starch samples. The
results showed that this method was high-throughput, sensitive and specific. No cross-reaction was found with 15 non-
target sources. The detection sensitivity for template DNA was 3 x 10~ ng/uL, and the proposed method had a good linear
relationship and high amplification efficiency. The detection limit for edible starch samples was 0.1%. The results of the
PCR method for 50 actual samples were consistent with those of the reference method, indicating that this method could be
used for the detection of common adulterants in edible starches.
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Table1 Primer and TagMan probe sequences used in this study
W AR AR FAl (53 H A
HF AAAACAAAAGCACGGCACTA
0% HR AGAGCGAGAGAGTAAGTTGAAG &pdh
H-ARE CYS5-TCACACCTAACCCCCAGCA-BHQ2
Ma-F TTGGACATGTGAAGAGACGGA
LY Ma-R ACTCCTTCCTATCTAGAGTCATGT UGPase
Ma-1R% HEX-GAGGTGCGAGGTAATGGTGGTAGGGGGT-BHQI
Mu-F TGAATTGATGTATACCAGTTTACCA
KE Mu-R GCCATTCCAGTCAATTTTCCG &pdh
Mu-#5 FAM-GATCTGCGTGAGTAATTTGTACAT-BHQI
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BV YR ACATTCAGAAGCCACCACGAC 28811
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Ne-TREH HEX-CCGTTTCTCAGGCTCCCTCTCCGGAATCGAACC-BHQI

132 FEEhRTALHE

i JEORHRE s 25 K2R T B SRAKEEAT T s, Tk
P RE T 3R TH AT B S oAt Y5 2 2 s Am . BUEURL Y
LY, FTEVE TR0 EY ) maOR B AL SR LA B Rk
BE (5 AR

TEMFES: IR RATHURE . AN [FVE M (R 5
fERAFRSEE, Biibse X5,

1.3.3  DNARHU LR

i JFURMRE dh: Te BB R A DNAREUR & (3
OAERD Y B AT IR I E DNAZEE .

TEMFES: 2 BRI T & MDNARBUAF &, £
W22 Wy ke 4 5 R L DN AR U ) & i3 R 4HDNA TR
BURA & GEOERD X1.0 giekm BT, I ME
FZBR 3 i 78 G AT DN AR 9P, 30 H 55 dd 1 Ve # B
i DNA$EHUTT 2

DNA 10D 60 3/ ODosgo am 7E1.8~2.0 2 1] . OD g
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MK 50 uL.

Yisk el 95 CHIAYELO min; 95 CAEPELS s,
58 ‘CiB-K60 s, 40 MG, FERAIEIAIR K Bl e R
HAE 5.
1.3.5 % Hreal-time PCRA} 1k M A 251 S0

P2 P EH AR R CRFEGFD RIS Rk H Az R
[IDNA, JCAMCONBINR, #7408, K2, BRE. £
KUFNE R 23 1 % Fireal-time PCRY 1Y, B AIE A 7 1k (4%
PR
1.3.6 £ Hireal-time PCRR & & 5218

53 K4 B R U DN A TEZE M A kAT
10 1% R AIBEEERPE A3 X 10 ng/uL, BRI R B KT (1)
4 FAIDNAFZZARRIBATIR S, DA R IR A 5 IDNA
N 4T % Freal-time PCRY™ 1Y, SHiRt 473 O
17, TR EEAT B A 2 i B S0 . DA B 9 FE (3 4
BEAE R, CUE NN AL PRI ERRHERN 2R, 4% T 5
P, DI EE% 77 IDNA R S

PR I%= (10""F—1) X100
1.3.7 % Hreal-time PCREG 1 [ S5
1.3.7.1  AS[AEIBN LB ] &

LA VEN AR, %5 DARIFFER (0.01%.
0.1%+ 1%+ 10%. 100%) , 5l HAFBAKZEGEN
LR EIER A EOKIER . A AL 0E 8 15 N L9 B HDURE
i LN JER N AR . 2 B Chen Xiaoyu5 O ) J5 i EAT
AN [F) EE GRS ADURE (R 1) 6« A FH v SRR ALK 1 g B
59 gZ0 ek M B A6 min, 15 FIACE RN &
H0%HIFEM (HiSNAL) 3 MATFERAFELHT g59 ¢
21 ek A BCME VR 456 min, 32K Z MR INE N 1%
FIFESD (g NA2) o MA2FES HHELL ¢559 o2 ZiE
K IR BRE VR A6 min, 15 A SE Ve A I & N0.1% R
(ItSA3) ,  [RIRE I VR U 460.01 %% i LA R Fo A
JEPEIRA R . BANRE R PR R SRR 10 g,
HIREFE S B0 S FAT .
1.3.7.2  KHRME

AR N LB 5 PITE R FE 5% 1.0 gidi{TDNA
PO, FF R B A SZIG 4 57 1) % Hireal-time PCR 7 VA BEAT A4
Mo ARAE =95% B A5 KRN, #E10 YOPAT SR,
10 R &5 K38 08 I A% B ARIEPE S N & RN % H bR
PEFIRE PR -
1.3.8  SEBRAE S A

M A 52 T 37 B T ) S R AR L RS0 4y, LR
20 4 (H51~20) « KEEHI0H (HS
21~30) « SERZEMI0 M (w'531~40) « K KIEH
10 17 ($i541~50) o BURAIEM& R 1.0 gidt{TDNA
Pel, 2 A KM E K2 Hreal-time PCRTVEXTLT 2, K



Al

E6mill=

2024, Vol 45, No.0l 213

E. DRE. SRRV TR . F IR AR
SN/T 1198—2013 (%3 K Lo K I S 4% SR i) =7
FISN/T 1196—2018 (5 HE PR ple /3 Al F KA J77%) =
HEAT T 84 R T KR 45 SRR LT 5 mmﬁUAAﬁﬁﬂA
BHFAT 2L Z R M 45 LG SR AR & CRR 7 & Dk
A 45 RIAIE
139  gifre

WS, FEMEXT IR : 2R bIEIE A R efE SR,
H B 8 fi 2k, CofE<35.0; X, B
M SOLIBELIOE SR, HRCHE>40.0; FEd&mH

SE: WOGIHIEF YOG TRE, MRMCHE<40.0, FlzN
FHME; 6B TLROGE SR, MMNCHE>40.0, H%E
A

1.4 FESs
BRI +sFE . FISPSS 22.08 k2 ¥ Hdi, Mk
K Ha=0.05, P<0.05%n~EA G573 L

2 HRESH

2.1 B, TagMantR%E¥it45

1§l SnapGene 4 X 4. & g3pdh3: X (GenBank.
EF119215) . AKZg3pdh3t[H (GenBank.MK129037) .
A UGPase#t X (GenBank.U20345) £ AKzSSIIbFE[H]
(GenBank.AF019297) FPAEATEEXS, FRTHHI514.
WEH R NBATF, X H AT AT b, AR AEL.
FIrcit 194 5190, TREF AT LAZE 25 5 0 B ) #E L R 41
FRR, AT ERERIEA . UiiH4 85 YERE
AL T2, KRE, DRE. ToK4 Fh BARIEYERRE R
PEATI o

JEA 751 N

4’J.yospdh)siul = AAACAAAAGCAC
| TGGTTYGGACA'I'GTGAAGAGACGGAGCTGCAGACGDDCCAGTGAGGAGGTGCG
ATTYYGTAAGATTATACCA GAA-TTGATGTATACCAGTTTACCATTTTGE

TT 55
............... GCATAGG-CATCGCTGAACCGGTGGATGCTAAGGCTGATGCA] 44

B ol oo B o bt o s

\ /KZSSIII L\W

S5 NTCNNNNNNNNTANNCNGNAGNNNNNGCTNTTNN--NNCNNNGNAGGNTN |
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SPSS ( Ry

NNNTNNNCNTCNNNGTNNNNACTNNTNANN
CCECTG6TCTCACTCT ~CATTICTICAACTTACTCTICTCGCTCTAAACTTTTCAAC 171!
TGATTAGACAAGA-~-- -~ - - - - CTTGGCTATGCTTCACATCACCBAGGACA---------

TTCTCCCAGCACTTAACGGAAAATTGACTGGAATGGCCTTCCGTETTCCAACTGTTGATG 171
Kz bYllh;rLu] GCCCTTTGGCTGG--~----- -~ GCCTAATGTGATGAACGTCETCGTGGTIGGCTTCTIGAAT]IS3
( b T . L ot
L p—— L = _=-cTu
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LB GIpdhHER TTTCATCTCYC[AQAAGCTTC AAGCCTCCBCCATG--------- 205
B¢ % UGPase [ | TGACTCTAGATAGGAAGGAGT -GGAGGTCGCGTATAAAGTTG - - - 200
AREG3pdnitiH TITCTGTTGTCGAT----- CT-CACTGTAAGGCTTG---------

JeKzSSHbHE R [GT6CTCCTTTCTGCAAGACAGGTGGCCTTGBAGATGTCGTGGGTG 198

LEAERRCHINEL USRI S TREDFP: S EAERRIC )y AR 2 IRk
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B1 518, TagMandiElal15PE55 07
Fig.1  Feasibility analysis of primers and TagMan probes
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Table2  Comparison of efficiencies of different DNA extraction kits

e JREIRE! ODagy e/ ODigo

1|-Er 260 nm/ 260 nm/

Wl (ng/uL) OD g0 OD.3 Oz ODzs0m
WA EA 58.1 1.88 227 1.16 0.62
W &EB 354 1.86 1.93 0.71 0.38
HAlGEC 7.2 1.70 1.44 0.14 0.08

23 % Hireal-time PCRIA R ALK 4G

DLs 9 38 20 . xR B AR IR P G A8 R B
R BUE R SRR, 0ol PR N N & AT T %
AL, W€ B tE £ Hreal-time PCRIR MK R A :
25 uL 2 X PCR Premix Ex Tag™; 1%, D% KZ
BREF (10 pmol/L) %0.8 L, EKEHE (10 pmol/L)
1.0pL; E. FiF514 (10 umol/L) £1.0 uL; DNAEHK
2.0 uL, #hKZE50 pL.
2.4 % Hireal-time PCRAT T Ao A0 25 P s 06 2k T

#3 JyikAE S R AL A PR A A

Table 3  Specificity and inclusiveness of the proposed method

it RRgR (i) - fllg i (i)
%Hreal-time PCR WS HR % Hreal-time PCR N5 1R
4% (REZ25) 24724039 (CYS) 161241024 || B - 17534039
I8 (EE) 05691064 (CYS) 18032042 || %% - 1561%0.13
4% (I75s3) 24981041 (CYS)  1676%0.00 || Kk - 17.89+0.28
KE (HEAZ) 2991037 (FAM) 17181053 || & - 16.74£0.50
KE (£19%) 23581056 (FAM) 16604036 [| Mk - 18.0640.19
KE (E#i6068) 24072056 (FAM)  17.95+0.19 || *k - 16.78+0.38
DRE OFE55) 18302024 (HEX) 15962023 || 1% - 17394021
DRE (HE15) 18651066 (HEX) 18571049 || #% - 18424024
DRE (F£25) 19372037 (HEX) 17781050 || 4 - 16931045
Tk CRHEWD 26424051 (ROX) 18642021 || %5 - 17.50£037
Bk (Bl61s) 25981048 (ROX)  17.08+037 || 45 - 16.82:40.34
Bk GrEl9es) 25774030 (ROX) 16534018 || % - 18.774023
I - 17302034 || % - 19234040

K — 18.55+0.23 | |7 AR - -

e — RAHCHE, R5F. FAMOKREUEMEX ROEIE; HEX. D% K
PEXS REETE; ROX. A KIRIEXT ROEIE; CYS5.Z0F Y5k BEiE .
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Fig.2  Specificity analysis of primers and TagMan probes
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Fig.3  Amplification curves and standard curves for four target

plant sources
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Table 4  Detection limits of the multiple real-time PCR for four

adulterated plant sources
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Table 5  Results of detection of unqualified samples by the PCR method
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