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Abstract: Based on the droplet digital PCR technology, a quantitative duplex droplet digital PCR detection method
for genetically modified maize MON87411 was established. The results showed that only the maize MON87411 could be
specifically detected by this method, with no amplification reaction being observed in other samples. In the amplification
stability test, the copy number RSD of endogenous and exogenous genes in three parallel amplifications were 0.56% and
3.93%, respectively, which met the requirement of RSD less than 25%.The linear correlation curve showed that when the
mass concentration of template DNA was between 50 ng/puL and 0.08 ng/uL, there was a good linear relationship between
the copy number of target genes and the template DNA concentration, with correlation coefficients R* greater than 0.99. The
quantitative linear range of MON87411-specific gene was between 26.6 and 17 086.6 copies with the limit of quantification
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(LOQ) being 1.34 copies/pL. In the accuracy test, the average copy number content at the five different template DNA mass

concentrations were 52.14%, 63.09%, 66.08%, 60.50% and 52.16%, respectively, which were all within the theoretical copy

number content range. In summary, the quantitative duplex droplet digital PCR detection method established in this study had

high specificity, good stability, wide quantification range, high sensitivity and accuracy, thus can be used for the quantitative

detection of genetically modified maize MON87411.
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5 RR e S BRBH PR FORLARAE 22 7, PCR 3 s % v]
BEAF, PR SR FH qPCR J7 V2047 5 R R B
TAFAE— 58 1 &) PR A%

fi ¥ =X 24 7% PCR ( Droplet Digital Polymerase
Chain Reaction, ddPCR ) & —#p4a Xt e =AM E A,
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A f )\ 5] 5 ThermoMixer C 1H 7 % & #%, 18 [F ¥
A\ ] s ESCO class 1T AE# 2 &4, Brnk &
BE B A IR A 7] 5 QX200 Droplet Digital PCR %
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Table 1 Test materials list

Veine A R w5
1 4 A £k MON87411 £ B b B RIA 0215-B
2 3 A £ Btll B AT ERM-BF-412¢k
3 L H 2 K MONS10 BR AT B ERM-BF-413gk
4 4 3L B £k MONS63 RR AT A B ERM-BF-416d
5 4 3L B £k DP98140 RK AT B ERM-BF427d
6 5 L B £k MIR162 £ B Ig e e 1208-A
7 4 H £k MONSS017 £ B b B E R IA 0406-D
8 # A Kk GA21 % BB E R IA 0407-B
9 A B E GT73 £ B g E s 0304-B
10 3L Rk E RF1 £ EHEFE R A 0711-B2
11 3K R i 3E RF2 * B B R A 0304-C2
12 43 /i 3£ MONSS302 FE MR E R hR 1011-A
13 43K /K45 Bt63 o E A AR, JKY-BZ-002
14 AR K2 GTS40-3-2 BR AT B ERM-BF-410gk
15 # A H K 2 MON87769 £ BB A 0809-B
16 # A X 2 MON87701 £ BB E s 0809-A
17 #% LB K 2 MON89788 EE MR E R hR 0906-B
18 4 2 F A% 78 MONS8913 £ B IEE s 0906-D
19 # K A AR L MON1445 £ E g E R s 0804-B
20 |22 NEES 3 * B b B R IA 0411-C2
21 AR KA AR ERA /
22 FHERARE AR ERA /
23 FEEE X AL R /
24 FEEAREHE R EIRA /
% 2 5|¥MREtEFES
Table 2 Primer probe sequence
B 47547 71 IRAF 7 (5-3") J BK )N fop
MONS87411-F:CTCTGTAACAGAAAACACCATCTAGAG
MONS87411 MONS87411-R:ACAAAAGTGAACTAGTTCTAGGGTAGAT 109

MONS87411-P:FAM-CCGCGTTTAAACTATCAGTGTTTAGAGAAT-BHQ1
HMG-F:TTGGACTAGAAATCTCGTGCTGA
HMG HMG-R:GCTACATAGGGAGCCTTGTCCT 79
HMG-P:HEX-CAATCCACACAAACGCACGCGTA-BHQI1

12 % % A ) MON87411 gPCR Al 7MY, VEAIME L
%% 2. LAHEER K MONB7411 fh ZNHF TN %, 1%
121 31 3RA B A e X7 b A B R R FOK R, 11 R A e SR R A A
ARFRIEFEANSEE TR SRR E AR REYRLK S R AR R R, AESEI 9O
HMG FIEEHEN Tk MONS7411 & RAF T4, 5l PCR A F, Xt 51 PR B (45 52 PR HEAT B0 0IE, SR 5

VIR e 51 251 2 JE K B 2 5 DR ot RN TR 2 2 S0 B 7% PCR J N £ (25 pL) : 2xSuperstart Premix ( 75
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dNTP, Mg®) 12.5uL, EF¥#7514 (10 umol/L)
% 0.75 uL, % £ (10 umol/L) 0.5 pL, DNA F&
B2 5 uL, I\ ddH,O #ME 25 uL ; PCR S 2644295 °C,
10min; 95°C, 15s; 60 °C, 60s, 45 MEFf.

122 REHEXFFPCR R & Ao BB &M
Bk &

AW TR ddPCR Je B AA 22 71 1) 51 40 RN AR I
FE B KR SERAT T AL, 2T ddPCR RBAA
% (20 pL) : 2xddPCR SuperMix 10 uL, Rl
Y4 0.8 uL (10 pmol/L), ¥4 % 0.4 uL (10 pmol/L),
DNA % 2 uL, i ddH,O #hEfEFIE 20 uL.

NSRS 95 CTHAETE 10 min 5 94 ‘CAEME 30 s,
58 ‘CiEB“K 1 min, 40 ME# ; 98 CLr#%F 10 min ;
12 CLRAT

P14 45 W )5 i B QuantaSoft Version 1.7.4.0917
AT AT RO 15 -5 BRIV 20 4T
123 ¥ ¥A8e HiniE

X i 5 K] R Kk MONS7411 5 & b #E 5 3F 47
ddPCR 9 14 4 5& ME 36 1F. L 10 ng/ul %% 3k A £ K
MONS7411 i & FE [N 41 DNA AFEAR, %08 12275
SR 28R 8 2% A 384T ddPCR [ Bi,  [AI % & 3
ANAT IR, 2SR 3 ASPAT S50 25 SRR R b vh v 22
(Relative Standard Deviations, RSD) AS#EBIL 25%.
124 RBPGRE

W 2 B % FE R R K MONS7411 5 £ 1
BRI H M B 2 50 ng/uL, 5 H ddH,0 R K BEAT 5
MR RS, A& MR 104 24 0.4, 0.08.
0.016 ng/pL. VL Fadf B2 RE (1 L R 4 AR, HX
Ff 2 pL @47 ddPCR B, BN R S A 3 IRE
THE &R EIRE 3 IREE Y1 [ 845 1 1) RSD 1A,
PLZE R RSD /N T 25% M B AR i FH & slORE 5 4% DL
O ERMPR (Limit of Quantitation, LOQ).
12,5 ZEHaRiREiE

R4E 1.2.4 RBPELIGL R, BUH LR &K
MIRZER A d,  HEAT LOQ MIBRIIE . AH N i &R FE 1)
DNA ¥J#E4T 10 4~ *F 47 19 ddPCR &l i 56 . LOQ
IRUEELR 10 S PATSE R8I RSD /NT- 25%.
1.2.6 EHMEIIE

PA 1.2.4 e B EE v 2R, B F RSD /)
T 25% [ SE R, THEAFIK BB DNA FF i
(¥ DU & 3% DI 2/ RSD 1H, SRIRIE
SE T 28 FLAER I o

2 H#ER51E
2.1 B4 R AR MRS

M Sz B 9% % PCR J7 ik X B Kk IR R oK
MONBS87411 fh F 7 FiHABFIER TR M &R, 11 FpE
T KT BE DR R AR EE ) ot DA K 5 Tl = 2 B DR R P 44
BRI TR PEIGUE, 45 R0k 3 fiok. MONS87411 i
RFF R IY E AR ER, I F K MON87411
FE S ) Ce B R 2378, UL BHAZAE 5 A R e e 3,
£ th MONS7411 it &, HAMKFE S CH{E R T 5% T
45.00, REATY WERN s NSHFE HMG ¥ I545 1 8
N, EKEERYT S CrE/N T 30.00, VEEHA K HY
FokNSIEE, HABRE Cr R T25T 4500, T
PN, G5 FRIZ G | PR R v R A

%3 SRR NRITAR

Table 3 Primer probe specific validation results

B AR5 7 Ctih
JPT e

MONS87411  HMG
1 %L £k MON87411 23.78 23.93
2 % H 2 K Btll =4500 2455
3 4 L B £k MONSI10 =4500  24.37
4 L] 2k MONS63 =4500 2543
5 # LB 2k DP98140 >4500  24.83
6 LR K MIR162 =>4500 2693
7 4 LB £k MONSS017 =4500 2327
8 LB £k GA21 =4500 2497
9 KA E GT73 =4500 =45.00
10 LA % RF1 =4500 =45.00
11 LA E RF2 =4500 =45.00
12 5 L ) s % MONSS302 =4500 =45.00
13 3 3L KA Bt63 =4500 =45.00
14 3 F K & GTS40-3-2 =4500 =45.00
15 43K F X & MON87769 =4500 =45.00
16 W X 2 MON87701 =4500 =45.00
17 # L B X 2 MONS9788 =4500 =45.00
18 4 L B 4% 7L MONS8913 =4500 =45.00
19 L A A% MON1445 =4500 =45.00
20 E[2: 3 NEES 3 =4500  23.90
21 ARSI B KA =4500 =45.00
22 FHEARKE >4500 =45.00
23 FERE K =4500 =45.00
24 AR HE =4500 =45.00
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XWUE ddPCR [ R AA 2 H [ B 25 A 9 2 2R R
At FR R S R T 9 6T S R, PR 2 1) T REAFAE
FE A, Semaalas 2 o, PRI R 0 e B A
AT AUE . AW FEE B S YD FE 0.4 pmol/L,
PREH R FE 0.2 pmol/L 34T ddPCR = M AR & A8 18 i
3, SERWE 1R, a fb K58 MONS7411
i A1 HMG JE R 1) s A 2k se #Ao B, B K
B AR 3R B i, 85 8 K S i o AR R
MONS7411 i 555 57 M 5 51 F1 N 2 55 R B 4 o
i IR, MONS87411 & R ¥R 5 M7 5 Fl N 2 3
RIS H 93 B, F R S 1 77 51 F0 P 2 05k TR
P48 R, BHPEBOR 5 BE E O Z A) 4) O
BHIE, 2R B X 5] 0 R & 2 18 8 T 38U BT
PR, 245 P AR ET (R 2K 43 i 0.4 A1
0.2 pmol/L B, 38R R 47,
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Fig.1 Reaction system optimization results
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ddPCR & K 1% 4t PCR ) 5 KK 4 5% e il 550 5
55, S5 R CARHIEAT S PE R £ A R B PE R
5 ARG 5 Ot %, B R KXy
WA, R S N 4 R BB A, BT DU OB 2%
A S oy EE . AR IUIEI 65~50 CHRE
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T 8 /> (65, 63.8. 62, 59.1. 55.7. 52.9. 51.
50 'C) AFEFER KR, % 1.2.2 FECH] ddPCR &
AR RBEATH MR, CAOR B 51 PR ET 1 A
BRI, SEinaE R 2 B, a flb BN
MONRS7411 fh 45 7 P87 51 F1 P9 2 58 K HMG 1138
KR FERAL SIS R ER, BEEIR KR
IFRRAG, i 2R 5 1 P 51 R0 P 2 356 R O e Al ¢ '
R R O, MR E 55.7 “CHBH R 2
JeIR IR B K. 7E 55.7~50 “CZlalit, FATEmR»¢
JEORE—E, AR, W RRERE TSI
P A 406 R A R B B S, B P AR 5 B T
TR PRIGIR KR FELE 59.1~55.7 ‘CZ [B]INF, i
FRE S H1 R P 2 3 TR BH T Rl 5 B T G e
5P 22 IR BB K, ddPCR 2R 4t i % HE A 132 B BH 4 f3
WA R R B BT B IR R, SRR
PigE & HR R, SEERRERNE PCR AT 18,
DN FH R A RIS, Pk $E 58 CAE A B AEIR K
HLEE . DL 58 CHE IR K, ddPCR 45 R w1l 3 i,
THERGE AT as by e d PO ST i B
STRLF B PSP b RSP 471 BH I RO
PERRRE, B PERR 5 BH PR R 2 R 23 B SR T
FHH 58 C ol LME J e IR KR .

a
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Fig.2 Annealing temperature optimization results
VE: A06 : 65 ‘C;B06 : 63.8 'C; C06 : 62.0 C; D06 : 59.1 C;
E06 : 55.7°C; FO6: 529 °C ; GO6: 51 C; HO06: 50 C,
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Fig.3 2D hot plot of duplex ddPCR at 58 C
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Fig.4 MONS87411 strain specific sequence and internal
reference gene HMG amplification stability digital PCR map

23 ¥HREMERIL

K AR AT S B A0 OB 4644, A 10 ng/uL
() 5% 3L R oK MONS7411 brufEd) i 2 X 41 DNA iy
TR G ) 2 36 K] HMG F1 MONS7411 & & 45 57 v
7 513 AT ddPCR ¥ 3 Fag PG AIE, 45 R unfd 4 B
N, FLHE a F1 b 358 MONS7411 i & 45 5 1% 7
FIFIAN AR HMG ¥ 34w vl ie # i 8, 50 H0F
4 WK 4. ddPCR 38 J b # B B oR, 3 Ikd
18 SN A KT 15 000, 584 2 IR A A 4t
2 AR ECRT 10 0000 IZR™, R
W HWZ, EEaREmfER. MON87411 & &
RS 50 0 3 IRy 1 4 DUECRE B 43 i R 193

199. 184 1, RSD 4 3.93% ; WZHRH HMG 1)
3 RYHE¥E DR 20 R 3094 309 306 #511L,
RSD 4 0.56%. ih RFFFPEFAIM NSHR 3 kYT
1945 DK RSD #)/h T 25%, FFaEmEK.
R4 IBTEEMRIE
Table 4 Amplification stability verification

Al G TR IR Rspme
193

MONR&7411 199 192 7.54 3.93
184
309

HMG 309 308 1.73 0.56
306

24 REEAR

R R R WL S PR, SR DNA Jfi
K AR 2 0.08 ng/uL B, MONS87411 i & 4 7 1
75 FI N 2 K HMG3 Y2 334 1) RSD 47534 /N
T 25%, Tk SRR HMG WK E R 2.57 $£ D1 juL,
MONRS7411 i 55 5 M 7 513 B 28 1.33 #% U1 /uL,
GERRW, AOTEREE R T L g
Xu %R Deng 252 ¢ 57 1) 8 & PCR & & 77 .
DARE A DNA WK Bt Ak bR,  HbrJF 5145 DAk B
NP AEFR L HI RS 2k, 45 R W 5 fros. B
DNA Jii & FE7E 50~0.08 ng/ul Z [AlI), H bR 4
5 LA SR DNA W B A RIFIILHERR, M
KEABR ¥IKT 099, WBHF HMG & B L&
FRl7E 51.4~32 780 5 DL 2 [H], fh R F 175 € =
R FITE 26.6~17 086.6 F4 U122 |A] .
2.5 EEANRRIE

HWAE 2R P30 R 90 00F Hh T LA E 93 1) B (I DNA
JR R FEBEAT LOQ Y& iE. 2.4 A A, ZeMEVE
PR BB DNA BT &K BN 0.08 ng/pl, BLix
Ji R B V) FE b DNA AR EAT 10 /4N FAT 1 4L
¥ PCR ¥ 3 i, LOQ MiF4s Nk 6 fin, W
Z: 52K HMG 1 °F- 35 %% DU% 2.2 #% D1 /uL, RSD
N 15.3% ; MONS87411 i & $ 5514 7 51 1“1 ¥ % DL
BN 1.34 # U1 /uL, RSD A 17.74%, RSD #f /T
25%, FFAIe i ER, Wik, AFEARE
SEHE 1.34 #5010 /uL (26.8 ¥ U1 1 R R,
T 2= e A g T ) G B[R R K MONS7411 321}
9¢ 76 PCR & &GN ke =R (40 # DD,
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* 5 REEWIE
Table 5 Sensitivity verification
BHDNARERE g0 HRHIHER L) FAENI o,
T~ 0
/(ng/uL) 1 2 3 /(# M /uL)
MONS87411 862 829 872 854.33 2.63
50
HMG 1637 1580 1700 1639 3.66
10 MONR&7411 194 199 213 202 4.88
HMG 309 309 343 320.33 6.13
MONR87411 36.5 37 37.4 36.97 1.22
2
HMG 57.9 55.8 543 56 3.23
04 MONS87411 6.1 6.7 6.6 6.47 4.97
' HMG 10.6 12.3 9.5 10.8 13.06
0.08 MONRg7411 1.6 1.3 1.1 1.33 18.87
' HMG 2.7 2.9 2.1 2.57 16.22
MONS87411 0.08 0.19 0.17 0.15 39.95
0.016
HMG 0.4 0.28 0.42 0.37 20.65
1000 1800
g 00r R=0.998 6 1600 | R=1
§ 800 L 31 1400 |-
= =2
5 700 = 1200
= 600} #1000
g 500 G 800 -
2 400+ § 600 -
% 300 400
200 200
100 1 1 1 1 1 1 O 1 1 1 1 1 1
10 20 30 40 50 60 0 10 20 30 40 50 60
it DNA UK / (ng/ul) it DNA UK / (ng/ul)
[E 5 L MHE4E 1 i 2%
Fig.5 Linear correlation curve
%* 6 LOQHEIE
Table 6 LOQ verification
= M EL /(# M /ul) LAV I
}ﬁilﬁg—k/ g E']‘J}j% -T_iﬁi%)\ﬂi RSD/%
(ng/puL) 1 2 3 4 5 6 7 8 9 10 /(#FI/uL)
0.08 MONS87411 130 1.60 120 130 140 180 130 1.13 140 095 1.34 17.74
' HMG 2.3 2.3 24 28 23 19 22 21 22 1.5 2.2 15.3

2.6 CEHMERIE

AT FTSLEG R R AOCS 0215-B ARifE it iiE 5 273,
FEHL IR oK MONS7411 & SARES (100% Sl H 75
TR LA W R AL TR TR R, %A
TRINFE R RIR T REAR R 4G DM Tl R H
O R0 2 55 [R5 1 1A s A7) J0 BB 12 o R 34T o =
BPESGAIE, (HJE TR FIRFLN = A5 A, KT AR
KRR T REAR 22 5 KM T, BRI =02
TGRS A AMNER, U E kTR

384

Fr L AR DAAERIETE, AR AR DR R IR T A A
1) 4 A 20 2 B[R] KA 1A it 4 DU B e AE 33%~50%
Z B 2 X ANIRSE KRR T REA [ A4 A R
B FROKPRHE S, Ho# DS B8 BAE 50%~67%
Z I8l Wk 7 Frow, FASAS A o & K B AR DNA
T DLECE B N 52.14%. 63.09%. 66.08%-
60.50%. 52.16%, HIfEFILH NS EWEA, H
RSD $J/N T 25%, &5 B WA 70 8 S I e B R &
K MON87411 it F i EA Il 77 ik e 1 =
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® 7 EMMERIE

Table 7 Accuracy verification

PN H4 /%

B RS F¥4E  RSD
(ng/uL) 1 2 3 /% 1%

50 52.66 52.47 51.29 52.14 1.42
10 62.78 64.40 62.10 63.09 1.87
2 63.04 66.31 68.88 66.08 4.43
0.4 57.55 54.47 69.47 60.50 13.10
0.08 59.26 44.83 52.38 52.16 13.84

3 iR

N TV B R AR ) e A R E B SR 5 R B,
FRBERREEE AR R RS . Fik, 8%
BN« REHER I R A v, DA 2
EARR IR ER . A FUAE A B RS | AR
FoK MONB87411 XUEE i & 7 PCR & SATl T772:
075 MR R S PE SR, ddPCR S NiAk & 51 AN
BREF I A & MR B 23 5314 0.4 pmol/L 11 0.2 pmol/L,
BB K E N 58 C s FREMMEIHRL, 3
KA 38 N 2 B2 DRR0 i & R S M T 51 #5 L4 RSD
29N 0.56% A1 3.93%, ¥4 RSD /MT 25%
23K it DNA Jit &K Z 7 50~0.08 ng/pL
Z (A EF,  H bR 7 515 DUE S A DNA Jit & 9K
BEARIFMEERR, NWSEREEL M
£ 51.4~32 780 ¥ UL 2 [6], i RFE 17 5 € &
L VEVEFIAE 26.6~17 086.6 5 U2 0], w&EFR (LOQ)
134 ¥ UL s TS A [F] ot 29K FE AR DNA
By ¥ LB & 5 N 52.14%. 63.09%- 66.08%-
60.50%- 52.16%, FIERRHE DS EEHE N, H
A AR AER ZE /N T 25%, REATIEAENIE 5. 4
R, ARHE SR AL B R K MON87411 XUE
WO A PCR & A I 5 1 B A% i 2 17 J (R 0K
MONBS7411 fin ZAGHEE B K
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