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Abstract: In order to achieve labeling management and accurate quantification of genetically modified sugar beet H7-1, primer pairs and
probes based on the 5’ flanking sequence and glutamine synthetase (GS) of H7-1 were designed, and a duplex digital polymerase chain reaction
(dPCR) detection method for H7-1 was established. The specificity, sensitivity, precision, and accuracy of the developed method were examined.
The results showed that the developed dPCR method was specific for line H7-1 detection. The limits of quantitation (LOQs) of the specific
sequence and endogenous GS gene of line H7-1 in a 20-pL reaction system were 3.1 copies/uL and 6.3 copies/puL respectively. The limits of
detection (LODs) of the specific sequence and endogenous GS gene of line H7-1 in a 20 pL reaction system were 0.6 copies/uL and 1.3
copies/pL respectively. The precision and accuracy were all in the acceptable range. This quantitative method does not rely on the establishment
of a standard curve, and can be easily applied for accurate quantification of sugar beet H7-1.

Key words: genetically modified sugar beet; line H7-1; digital polymerase chain reaction ({PCR)
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RSB, SR bR 1 R U™,
AR TALG RS 5% PCR, BRIASR P B E
P PR AMK AT AT R B MR, 38 I THECR A
Al N TES 153 EZGD.0 Brch - ES N IS E RETD O = S i e
H7-1 K AT SR R 7545558 PCR A
LAMP J7 BT 5 PRI, B8R A7 (0 R 5 1
DN SEIN 995 PCR i, iR WS FE R 7 307 PCR
SE BRI 7 iEARE .

AR XCEIER I, KR N R AR
Wi & BEFE R (GS) AT H7-1 5 R et FE A R
EFrAIFRICA VIC A FAM(BEES R & LA
A HT-1 &b 555 P PR FL RS = H7-1 BRI 2H
B I, N QX 200 i =B PCR il 7E 7]
— PCR R R H AR N IEIE R GS AT H7-1 & &
B SR A B3 UL, S2Bl HT-1 &2 HRS T 2 A6,
HW AT R B AIERETE QuantStudio TM 3D 65
HEF PCR X LT THIBIARAIE .

1 HRSES
L1 A5

FHSE H7-1 fh R bR S22 H7-1 B MR
LI KFE. KRG Bt63 dh & KK MIR604 i 5+
EK MIR162 i &R K& GTS40-3-2 iR K&
Mon89788 /i &2+ K H. A2704-12 i & K DAS68416-

4 i BZAKE FGT2 i Z 3 A = B AR AT

Premix Ex Taq TM, Ki% 5 E4); HY)H K 21 DNA
PERLEGRIE DP302, dbR RIRAT]; MasterMix(2x).
ddPCR Droplet Generation Oil. GD8 Cartridge 3/t H
BRAT: SRR NG EI AR S RN
ZRFES 10 pmol/L 1) AR .

1.2 FEMNE

ABI 7500, ABI75000FAST =L %% 7€ & PCR 41X,
KEMNHEMARG AT WEHHIEE T nanodrop
2000c, [ GE A#]; IKA WFEEHL, fEE IKA AF;
QX 200 M FF PCR A%, EEKAA:
QuantStudio TM 3D %17 PCR 1%, E[ENHAEM RS
NCIP

1.3 ik

1.3.1 DNA #4323

i FRARFEYIFE R 41 DNA $HEEGRF S 2 IR
EREULH 2L DNA, HfE /665 1T nanodrop
2000c e HASE . 4 CLRAFEH.
132 #ARITF PCRAKA A HT-1 ARfEdud
B E Y Qe uha
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Kl 1. SIEREF5 Ry Gk R MR 1.

Plant genome DNA
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E 1 FHEEFHTE -1 RBEINFEAREREE
Fig.1 Schematic diagram of inserted exogenous fragment in sugar beet H7-1
7 : P-FMV R T E A A(FMV35s) B2 3F; CTP2 & mrtZkets KA B 2; Modified CP4 EPSPS & wf54hid o4 kiR TR
AFH CP4 49 RFBAA CBLAEAHRE; E9 3 AT RR T3 EALINE-1,5- AR AER 3400 F; A A 7| AndRAtiit Rk,
R1 SRS FS
Table 1 Primers and probes for dPCR

A ARA5 HE -2y 21 YRR kR &
GS-F: GACCTCCATATTACTGAAAGGAAG
GS GS-R: AGTAATTGCTCCATCCTGTTCA 118 bp P e
GS-P: VIC-TCTACGAAGTTTAAAGTATGTGCCGCTCTC-BHQI
o H7-1-F: GGGATCTGGGTGGCTCTAACT [8]
H7-1-R: ACGAATGCTGCTAAATCCTGAG 107 bp 5 R F)
oo ZAF P T

H7-1-P: FAM-AAGGCGGGAAACGAC-MGB

QX200 %7 PCR L5 [ N & : MasterMix(2x)
10 pL, GS-F/GS-R/GS-P/H7-1-F/H7-1-R/H7-1-P(10
umol/L)%3 114 0.8 uL, DNA 4R 2 uL, #h/K 2 20 uL.
N BE: 95°C. 5min (1 °C/s); 94°C 15, 60 C.
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WRIERHSE H7-1 bRUESAEEAE, ZhRiE T 2
HF, H7-1 SRR T N IRE R GS b liziR
T 12, I e T PCR BRIl S
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%A (glutamine synthetase, GS) FERIFIELZE H7-1
RS IR T HE BT I AIERE (AR 1D, FFAESE
B985 PCR A B THRERVERGE, 391k RAIFET
J4: Premix Ex Taq ™ 10 puL, GS-F/GS-R/GS-P/H7-1-
F/H7- 1-R/H7-1-P (10 pmol/L) 43%)4 0.8 pL, DNA
BB 2 uL, #MKZE 20 uL. RNSBE: RNEFA:
Stage 1: 744 95 ‘C. 30 s; Stage 2: 95 ‘C+ 5's, 60 C.
34, 45 MBI, FFT 60 CIEERIE T
134 AKMTEERIE

3L FE IR HT-1 At it 2 K124 DNA H 0.1xTE
(Tris-HC1, EDTA-Na, pH 8.0)ZZRHEATFREK 9.
1.8 0.36+ 0.072. 0.014 1 0.007 ng/uL 6 NKE (F£
20 pL AR S HOHFRBEFE 51514 700+ 140, 281 5.6+ 1.124
0.56 ¥ J1/uL &= N JEFEER DNA, 350, 70. 14. 2.8,
0.560.28 ¥ Ul/uL &3¢ H7-1 & 2455 2L 55 DNA).
¥ 2 pL _EIRFRERE ) DNA b T 507 PCR R,
BAMBEE 3 NPT, E&KEMER (Limit of
Quantitation, LOQ) ML R RSD EH/NTET
25% [ 5 fIk DNA A i FH & 5 D130/ L s A PR (Limit
of Detection, LOD) APHPEFE S 100%#6: H FIFE b
ik DNA H&E 5% N #yuL.

1.3.5 =AM FR At (ka9 3aiE

B 1.3.4 2eiVa B PR H RSD<25%F1) DNA £
Fl & Byl #47 LOQ I6iE, Frfs 10 AN FATHY
S50 RSD<25% N AEK: B 1.3.4 2510 FE ik
HAT AR 1 1) B fIC DNAFE 5 A 8 DUy L 3t
1T LOD HI5GE, ZERBEMEZN 100%. LOQ A1 LOD
BGAELAR T 10 ANFAT HIRGEI o
1.3.6 #5% EAYIIE

RGN, FARPTE, AR
WiH, fEFR—80E, HIE— A REAR A R a) A b
W, A5 R AR A A BB £ R I 2 R GS A HT7-1 i
AR EMEFAI LOQ %N DNA 5 sz N HyuL

A1 LOQDNA i 5 51 DNA #5228 DEyuL
HHTRE B EERAE, SRS 5 ANTAT. K15 2SI
45 R RSD, R RSD<25%.

137 fAAERE

TRERA FE 1R 58 SR YRR Rl GS FTHT-1 &R
FeRPEF41 LOQ. LOQ f 5 f%. LOQ 1A 25 51 3
Y1 DNA FEREREATIE, BH =T, RUE
Mg R 5 1ZIBH 2 B PAHRREEE, BRI mZENT
2T 25%.

13.8 & h XFF PCR I 4%

JHIRAALE QX 200 fei A7 PCR /52K A
(15 W FIERE7E QuantStudio ™ 3D %5 F : 3 ¥ PCR I
SIZIG PR P ARG 25 B, 0T PN URAEERl GS A HT7-1 &
B tEE ) LOD. LOQ. LOQS5 %Al LOQI10 4%
FRFE PR LU Ry PCR F2FAT PCR A& Rk 74,
TAMRERAT 3 UCPATREIN,  ARPE LS Rt HE DU
gyt ¥ DI RSD w2 .

7 PCR L5 vk Z: MasterMix(2x)7.5 ulL,
GS-F/GS-R/GS-P/H7-1-F/H7-1-R/H7-1-P (10 pmol/L)
5335 0.6 uL, DNA % 1.5 pL, #MKZE 15 pL. X
MZ¥: 96 °C. 10 min; 60 ‘C. 2min, 98 C. 30s,
49 cycles; 60 C. 2min; 10 ‘CELRAZIIN=H.

2 ZR51He
2.1 #3E H7-1 f0# X305 PCR AR R RATVE

¥ AR R

KA 1.3.2 F1%07 PCR A RFIS4HL, XHESE HT-1
B T P URFE R GS ATHT-1 5 B4 e e F A TR
WIEHE TR 2 R, #EWE 2 for. NSE
GS = IRY 4 # 5T (1 SRR I #% DL EOR 533
565. 607, 618 copies/uL EIZE 20 pL Sz vifAk 5 % Il
Hoh 11300+ 12140 1112360, “FHAKIIEE U1 % M 11940,
FHSF PR ZE (Relative Standard Deviation, RSD) K
4.69%, WTAEZINEEN ChFET 10%); HT-1
it RS A ) = IR 1 AT P SRR B DR
3318 3114 319 #1316 copies/ul BIE 20 pL itk
ZHEEDIECH 6220, 6380 F 6320, “FHAAINIFE D%
746300, RSD N 1.28%, AbTAIHE2EREN (T
T 10%). YA SEER GS I HT-1 5 &R EF
FAYEFSIR SR . 25 PCR 1A ZFSEN HT-1
PHMERRAE S P IGAS et R AT
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3 2 FHIEH7-1 R IR E MR IE
Table 2 Stability test of H7-1 by dPCR

AR A B AR R B EAEF PN S/l ¥ N/l RSD/%
565
GS 607 597 4.69
618
H#%E H7-1 18n,
g 311
Jo AR 319 315 1.28
316
Chl Pos:9153 Neg:39836 2800 |
2600
12000 Cl1 Dl El _HII foredi
= 2200
10000 E 2ol
N & 1800
< 8000 . 3 1600
& 6000 : 5 100f
2 4000 T, g 10001
Z gl mm = n
O 2000 = .023 = 400 R
0 *——— 200 ==
e — —_—
2000 L L L L 20000 4wy
0 10000 20000 30000 40000 0 24 6 8101214 1618 20 22 2426 28 30 3234 36 3840 42 44
Event Number Cycle
Ch2 Pos:15488 Neg:33501 3 EHIEH7-1 AR SO PCR SCIG4ER
8000 cll bl El Hi Fig.3 Specificity test of the event-specific detection method for
Zggg L H7-1 by real-time PCR
Q
2 5000 Er PR AME HT-1 BRARES, PGS e
f="
E 4000 oo R H7-1 Mg, FRERMG. KEB63 w4 . 2K
g ;ggg MIR604 %% . %K MIRI62 4. K& GTS4032 4. X
1000 & Mon89788 s= % . K& A2704-12 s 4. K& DAS68416-4 5
% 10000 20000 30000 40000 #. K2 FGT2 dx A AT duAT AR O Ak 2 8 .

Event Number
B2 F3kH7-1 AT ERYT R E M SIS RS E
Fig.2 Heat map of the amplification stability test for sugar beet
line H7-1
7Z: Chl % FAM #5038, Ch2 4 VIC &d#; Cll.
D11 A= E11 4 H7-1 #450 3 AE A5 HI1 ARRE AR,

22 FlRAtRRE R IR

KPR 1 T b R A R 5| AR AT S 98
J& PCR A, 11 FhARAEPDALERSE HT-1 bRvE i S iy
ARG VIR SRS, Wil 3 for.

23 &M ERIE

FE R M FEIIRUE 45 R ANER 3 B, RN 20
uL. DAEER DNA SOAREAAE, HART 5148 IEuuL
RYPAEFR, TERHR DNA 27E 0.014~18 ng [X [8] A IIlE
MIEFER GS # DI ByuL 1 H7-1 5 R e e a3 1l
HyuL, PSR REWE 4 For, 572 250N
0.9971 A1 1 CKF25T 0.98), T B HLe A e B i
TEAH RS T BU/UL RSD<25%TE ML T, FIEIA T 1 IR
FER GS AT LA PR AT 6.3 # Ul/uL H7-1 S & EF
SPEP A & BRI 3.1 # D/l

7 3 dPCR ZkMESEEIIESTIE
Table 3 Test of the dynamic range of the dPCR method

i DNA & 8 351 P N FATLR(FE N /uL) S I44E RSD
/(ng/20 pL) /uL 1 2 3 (#F N /uL) 1%
8 GS 700 678 669 736 694 524
H7-1 350 390 373 395 386 2.99
3.6 GS 140 146 148 163 152 6.10
TR
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HEERW
H7-1 70 76.9 71.9 78.6 75.8 4.59
- GS 28 28.7 29.5 33.8 30.7 8.94
' H7-1 14 15.8 16.8 15 159 5.68
GS 5.6 6.5 5.8 6.5 6.3* 6.45
0.144
H7-1 2.8 3.6 23 34 3.1% 26
GS 112 1 1.2 1.7 1.3 27.7
0.029
H7-1 0.56 0.7 0.6 0.4 0.6 255
. . . 4 : .
0.014 GS 0.56 0.8 0.8 0 0.7 33.6
H7-1 0.28 0.3 0.2 0.3 0.3 316
E: *5 ) & F RSD<25%0F K R A E GS Fo H7-1 &b 2 4F M5 5] Sk I 40/l
|, 800p 10 ANFAT IR SE J RSD A 7.71%, H7-1 dh REF
g 700 Fﬁfg’;;gé”” FEEFA 10 A FAT RTINS R RSD A 18.3%, 1
= 0r ' PEER (25%).
® 500
S Chl Pos:441 Neg:181757
H_ i All BI1 Cl1 DIl Ell F11 Gll1 H11 Al2 BI12 Cl12
& 300t 12000 PR R
200} 10000 | ww e RS VIFARATRE AT Lo AR Sl
N o - «f - - -
%\ 100 | E 8000 |-
o s T s 20 g 6000}
=< 3974
DNA (ng/20uL) Z 4000
2 -
4 450 000 . .
5 400 y=21.44x-0.1414 % 50000 100000 150000
= 350 R>=1
i'*:'“. 300 - Event Number
= 20l Ch2 Pos:876 Neg:181322
§ 200 700OAll Bl11 Cl1 Dlll Ell Fl11 II311 H11 Al2 IB12 Cl12
H 1501
3 6000 |
5 100 N
£ 5ol g 5000
o2 0 1 1 1 J i 4000
0 5 10 15 20 g 3000 ki
=N (o]
DNAM & (ng/20uL) £ 2000
4 FHFEHT-1 57 PC FoRLk ST B S FR ERE 1000 - _
Fig.4 Standard curves in the linear range of the H7-1 dPCR 0 50000 100000 150000

assay
24 e IR VAR IR B e

M 3 ik GS/HT-1 P43 UL %53k 6.3 Fi
3.1/uL (RSD<25%) MIFES: DNA HHTHIERERE GS
FHT-1 5 REEREFFIE) LOQ B8, il 4h 53 W3k
4 FIE 5. HHER 4 vTAN, ZMORERE UEER GS Al

Event Number
5 FH3E H7-1 #(=F PCR ¥EHY LOQ 36 ESEIE s &
Fig.5 Heat map of LOQ verification test of the H7-1 dPCR
method
7Z: Chl % FAM Rtidi; Ch2 % VIC Ritdid; All
ARIRZHE; Bll. Cll. DI11. Ell. F11. Gll. HII.
Al12. B12#=C12 H LOQ #) 10 N Z 4.

4 B3 H7-1 #(5F PCR #fERY LOQ BEHIESKES
Table 4 Verification test of the LOQ of the H7-1 dPCR assay

FATLR (/L)

BHEng BARFF FEME(FERN/UL)  RSD/%
2 3 4 5 6 7 8
0,144 GS 63 62 57 67 52 56 62 54 6 58 591 7.7
' H7-1 27 39 29 34 21 28 28 31 25 37 2.99 183
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5 FHIEH7-1 B PCR 753%RY LOD I8{IFSCIS
Table 5 LOD verification test of the H7-1 dPCR assay
" L FAT4R (#N/uL) B TAL)
AR /n, B F ¥ D/ul
g = > 3 4 5 6 7 8 9 #
0.009 GS 1.1 1 1.1 14 1 1 1.6 1.5 1.6 1.2 1.25
’ H7-1 069 062 094 102 045 059 079 123 081 0.67 0.78
Chl Pos:113 Neg:185459 Rk s fE 6 Fron, FHMERHZY 100%, 5657
A09 B09 C09 D09 E09 F09 G09 H09 Al10 B10 C10 o, ,
14000 : : : ER,
12000 | e O P
g tomop W ESR LU bl 05 i3 HT-L 0 PCR TR B E R R
£ 8000}
g 6000} Chl Pos: 1444 Neg:175717
< 3977
= 4000 12000All Bl11 Cl11 Dlll Ell Fl11 ]|)12 EI2 FI12 GI12 HI12
©  2000F ) | . R Py - L
J— . : 10000 |- e HgplesfiS EHRL
r;‘-“g!’;'m'_‘_"ﬁ © e
. L ! < L
-2000, 50000 100000 150000 £ 8000
[=9
Event Number g 6000 -
Ch2 Pos:183 Neg: 185389 Z 4000 i« 2
7000 A09 B09 C09 D09 E09 F09 D09 H09 Al10 B10 Cl10 2000 | .
6000 | 0 _——_——J
o 0 50000 100000 150000
< 5000}
2 4 Event Number
E. 4000
g Ch2 Pos:2868 Neg:174293
= 3000 All Bl11 Cl11 D11 Ell F11 D12 El2 FI12 GI2 HI2
£ 2000 7000 . . ;
1000 - 6000 -
0 s . . g 5000 4000
0 50000 100000 150000 TE 4000 :
Event Number £ 3000 L2k
B 6 I H7-1 #F PCR 755%HY LOD IIESIR A £ 20000
Fig.6 Heat map of the LOD verification test of the H7-1 dPCR 1000 -
0

assay
7Z: Chl 24 FAM 3G, Ch2 A VIC R, A09
ARBZEGAE; B09. C09. D09. E09. F09. G09. HO09.
A10. B10 4= C10 34 LOD # 10 A~ E 4.,
M 3 HikdE GS/HT-1 T35+ 1% 0.7 F110.3/uL
(RSD>25%) #4710 ASFATARIIES, H— MR A
Kt (i), MR GS/HT-1 P8 1% 1.3
0.6/uL (RSD>25%) HIFEdh DNA #EAT 10 AT
JREEDR GS M H7-1 & BB 147 511 LOD Bailk, 45

Zh

100000 150000

Event Number
& 7 B3 H7-1 B PR 5 3AE B E LI A= E
Fig.7 Heat map of the precision test of the H7-1 dPCR assay
7Z: Chl 4 FAM 35ti8d; Ch2 2 VIC &tidd; All
ARBEGTEE; Bll. Cll. DIl. Ell #= F11 % LOQ # 5
AEFZ, DI2. E12. F12. GI2 #2 HI2 4 545 LOQ #) 5 A&

0 50000

»mw

6 FH3EH7-1 BF PCR AR E LI
Table 6 Precision test of the H7-1 dPCR assay

P47 (HN /L)

AEHF /ng EESEN : 5 3 ] P (FN/UL)  RSD%
0,144 GS 6.3 6.2 5.7 6.7 52 6.02 9.6
: H7-1 2.7 39 2.9 34 2.1 3.00 229
o GS 384 369 371 277 351 35.0 122
' H7-1 18.8 20 168 154 172 17.6 10.2

I H7-1 b & RPEF2 LOQ s AYEAT LOQ Ik

FUA 5 EFBEE ) DNA RESBHTR S BE6AE, R4
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A 9.6%AN 12.2%, H7-1 5 &F7VEF5)4HN RSD 18
AR 22.9%F0 10.2%, & 73550 THG 53 B I ER
(RSD<25%).

2.6 3k H7-1 x5 PCR 77 ik oy e 94 2 5L B

EUH7-1 & &5 5714751 LOQ.LOQS fi5 A1 LOQ25
MR 3 ZHBHYERE R, R4 3 P47, T HT-1
it RS IR R SRR YRR GS #8 DU 43 LU )it

WHEEROUE, S5 7 Fon. Arillfe+s DL 4y e
SERME BN 49.1%. 52.1%F1 49.8%, DNA HrifERE
A ERSEE U N 50%, THEAEIKE N LOQ
{E. LOQS fi5+ LOQ 1H 25 5111 DNA Ff i FIAS I fim 2=
I3 9N-0.88%- 2.13%F1-0.18%, =ZHAmZESLIFFEER

(FE25% U FEI N D o PRIIAR 73 R DA LGSR Bl PR RT
S HT-1 fb REEATAXS A o

&7 WIH7-1 3 PCR FRERVERBE LI
Table 7 Accuracy test of the H7-1 dPCR assay

W AT BN UMR/AA) BENEBSY%  FHENEG Y% ERHENEG % 1hE Bias/%
1 3.6/6.5 554
LOQ 2 2.3/5.8 39.7 49.1 -0.88
3 3.4/6.5 523
1 15.8/28.7 51 Ny D
LOQ5 & 2 16.8/29.5 56.9 52.1 50 2.13
3 15/33.8 44.4
1 76.9/146 7
LOQ254 2 71.9/148 48.6 49.8 -0.18
3 78.6/163 482

27 & A R#F PCR 1% Ik

NIRRLEROE B E PCR ~F& L5 WAFAHE
O3 PCR _ESEEOAUR, R H7-1 5 R R
FERIRIAJEFER GS ) LOD. LOQ. LOQ Ifi%HE 5

% F1 LOQ I FH4H 10 1%11) DNA FiBeERE 408 1.3.8
(a0 Fr 2030 PCR FR R RBEATAGIN, BEANFE it
1T 3 UCPATREI, v DIECE 7 bk, 2N RSD Al
%= (WFE 8.

< 8 EHSEH7-1 RN HTF POR SLITRIELER
Table 8 Verification test by QuantStudio™ 3D digital PCR

‘ A SR HIRAE SRR NEREE  SMRARE - N
R PN /UL F N A/l N N 1 £/%
FNHL NS/l B %
F3H1E F¥ME RSD/% RSD/%
1 1.86 0.6
LOD 2 4.30 1.13 2.08 0.76 101.86 4326 36.54 -13.82
3 0.08 0.53
1 6.2 3.96
1LOQ 2 6.24 3.39 6.64 3.63 10.38 8.20 54.64 4.64
3 743 3.53
1 35.6 18.38
5L0Q 2 41.93 19.21 40.04 20.12 9.65 11.55 50.24 0.24
3 42.61 22.76
1 83.08 38.47
10LOQ 2 76.36 385 81.25 39.93 5.26 6.17 49.15 -0.85
3 84.3 0.7

M EZRTTHL, LOD Rk RE) DNA A& 1 2%
GS. H7-1 f REF P 546 H - #REFE A LOQ.
5 £% LOQ A1 10 £i% LOQ W i e B 45 5 S5 S A ) I

EHAEL25%AN, $2 D1 RSD FMEAR/NT 25%, #
HRAEC B 0BT PCR A XS H7-1 5 RFESHEAT
SE R TIERE AR MR S E R . 9 NTES A A

267



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

ey PCR PSR, Y EROR R, FIPE AR
PR REBIR T
a
14200 -
12400 -
10600 -
8800 -
7000
6200
3400
1600 -
200

FAM

-2000 L .
-2000 -800 400 1600 2800 4000 5200 6400 7600 8800
VIC

14200
12400
10600
8800 -
7000 -
6200 -
3400 -
1600 -
-200 [

_2000 1 1 1 1 1 1 1 1 1
-2000 -800 400 1600 2800 4000 5200 6400 7600 8800

VIC

FAM

P i

14200
12400
10600
8800 -
7000
6200
3400
1600 -
-200 [

_2000 1 1 1 1 1 1 1 1 1
0 900 18002700 3600 4500 5400 6300 7200 8100

VIC

FAM

o km. . -

15900
13800
11700
9600 [-
7500 -
5400 -
3300
1200 -
-900 [

FAM

-3000 v L
-2000 -800 400 1600 2800 4000 5200 6400 7600 8800
VIC

[ 8 FH3E H7-1 A3 POR SLIGIHIFLERE
Fig.8 Plot of the verification test by QuantStudio™ 3D digital
PCR
JE:a 5 LOD; b 4 LOQ; ¢ 24 545 LOQ; d 2 10 4% LOQ.
3 #Zig5itie
3.0 AU GO i L R = it 35y e o) e B 2 R oy

268

e T BMER AT AR T hniE 2R R S 2
Jt PCR JE &7 1% B MR L e BE R 7 i b (5
BEA SRALAE R D i R B, R BT 154
RSB BRI AR T hsh, TEFESE e &
R Ay, i) b il 2 S SEBeont BT I 2
WG RERE PEAURIREA PR PR 7 FLR AT SE A
MERITT TR TR L R 5 A BE DR i R TR A R
SR FH R PO TR A5 AT ARG T s SRS DN 2 SR i 22
UM, 3300 R T A R SRR 25 0 o (e AT ),
W T AN, H A (52 A St SR T RE B %

E[U]

o

32 T PCR HARLEAMKHANBARHEY 72 =
Ji T BAT BRI A7, 1E8E S22 ' PCR 71 ik
RIY B8R SIRERE s . 3B KA PCR
o1 ] 255 ST AN 455 SR SR 14T S 1 T BE A ¥ 1,
o T4 UL & 1 s A B v 25k, I FH T ¢
RS DS R T PCR TSRS R oy
SERMIEEAT TR XTSRS R Sk
FDUEYIRS e AR R 8 .

3.3 ARSCEESLIEE RN ERSE H7-1 950 PCR AN 7
DA FEREINESE HT-1 TR &, RS A
W IIRF SR ER, SEIN L IE & X Bt g &,
FREZ S 585 PCR 7138 T Wit 28 1 5 ' 32
AT IE BRI S 8 AT, T ARSI
XL TR e il S TR . 22 A PPN XU T 5 06}
BRI HE T BT R

[1] ISAAA’s GM Approval Database [DB/OL]. http://www.isaaa.
org/gmapprovaldatabase/

21 XU, PN, B e A LT B AR 5 101 i RS i
586 PCR R INJT VAR S T] AR HE,2015,29(3):77-
82
LIU Er-long, LU Li, LV Ying-zi, et al. Event-specific
Real-time PCR detection of genetically modified alfalfa
events J101 [J]. Plant Quarantine, 2015, 29(3): 77-82

[3] Vogelstein B, Kinzler K W. Digital Pcr [J]. Proceedings of the
National Academy of Sciences, 1999, 96(16): 9236-41

[4] Sanders R, Huggett J F, Bushell C A, et al. Evaluation of
digital PCR for absolute DNA quantification [J]. Analytical
Chemistry, 2011, 83(17): 6474-84

[S] 2o, B, £, 55 2407 PCR 19707 DNA E B
AR TCHERE] AE AL 5 A ) B €, 2012,10:1017-
1023
LI Liang, SUI Zhi-wei, WANG Jing, et al. Progress of digital



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

[12]

[13]

PCR for single DNA quanfification [J]. Progress in
Biochemistry and Biophysics, 2012, 10: 1017-1023

AW 1485 54 H-3-2010,FFEFR ) Je F07= a3 A6
I TR RS SR HT7-1 B AT R UE Tk PCR J7iA[S]
Ministry of Agriculture of the People’s Republic of
China.2010.Order 1485-3. Detection of genetically modified
plants and derived products-qualitative PCR method for
herbicide-tolerant sugar beet H7-1 and its derivates [S]

SN/T 3767.29-2014, i 1 ity - L R By 904 S 45RS
BALAMPYRI % 55 29 ¥4 #H3E HT-1 G R ([S]

SN/T 3767.29-2014, Loop-mediated isothermal amplification
method for detection of herbicide-tolerant sugar beet h7-1 in
exported foods [S]

QT-EVE-BV-001, Quantitative PCR method for detection of
sugar beet event H7-1 [S]

Dobnik D, Spilsberg B, Bogozalec K A, et al. Multiplex
quantification of 12 European union authorized genetically
modified maize lines with droplet digital polymerase chain
reaction [J]. Analytical Chemistry, 2015, 87(16): 8218-26
Scholdberg T A, Norden T D, Nelson D D, et al. Evaluating
precision and accuracy when quantifying different
endogenous control reference genes in maize using real-time
PCR [J]. Journal of Agricultural & Food Chemistry, 2009,
57(7): 2903-11

Burns M J, Burrell A M, Foy C A. The applicability of digital
PCR for the assessment of detection limits in GMO analysis
[J]. European Food Research & Technology, 2010, 231(3):
353-362

Ko&ppel R, Bucher T. Rapid establishment of droplet digital
PCR for quantitative GMO analysis [J]. European Food
Research & Technology, 2015, 241(3): 1-13

B R AR AR ORS8N T PCR BORHITE 08 i
B % e AN xt e R [J]. 7R 4 76.2014,30(5):342-345
HU Wei, CHEN Rong-hua, ZHANG Chen, et al. Species

[19]

[20]

[21]

Identification and absolute quantification of biological
samples by droplet digital PCR [J]. Journal of Forensic
Medicine, 2014, 30(5): 342-345

Pinheiro L B, Coleman V A, Hindson C M, et al. Evaluation
of a droplet digital polymerase chain reaction format for
DNA copy number quantification [J]. Anal. Chem., 2012,
84(2): 1003-1011

SRS R FH R PCR 8 S A 63§ sl bbb 7.
AV AFAR,2013,12:1472-1472

ZHU Peng-yu. Quantitative analysis of food and feed
samples with droplet digital PCR [J]. Journal of Agrocultural
Biotechnology, 2013, 12: 1472-1472

Dube S, Qin J, Ramakrishnan R. Mathematical analysis of
copy number variation in a DNA sample using digital PCR
on a nanofluidic device [J]. Plos One, 2008, 3(8): €2876
Corbisier P, Bhat S, Partis L, et al. Absolute quantification of
genetically modified MONS10 maize (Zea mays, L.) by
digital polymerase chain reaction [J]. Analytical &
Bioanalytical Chemistry, 2010, 396(6): 2143-50

Morisset D, Milavec M, Gruden K, et al. Quantitative
analysis of food and feed samples with droplet digital PCR
[J]. Plos One, 2013, 8(5): €62583-¢62583

K&ppel R, Bucher T, Frei A, et al. Droplet digital PCR versus
multiplex real-time PCR method for the detection and
quantification of DNA from the four transgenic soy traits
MONS87769, MON87708, MON87705 and FG72, and lectin
[J]. European Food Research & Technology, 2015, 241(4):
521-527

Moser D A, Braga L, Raso A, et al. Transgene detection by
digital droplet PCR [J]. Plos One, 2013, 9(11): ell1781-
el11781

Morisset D, Milavec M, Gruden K, et al. Quantitative
analysis of food and feed samples with droplet digital PCR
[J]. Plos One, 2013, 8(5): €62583-¢62583

(E#%85 307 1)

[14]

EEIN YL R, AMILL, S5 OB - B BT bRk
RIS I RE 7K o 15 RSS2 B B[] e A sl oo
%,2010,26(4):409-414

WANG Zhi-jie, LENG Kai-liang, SUN Wei-hong, et al.

Simultaneous determination of 15 quinolone residues in
aquatic products by HPLC-MS/MS with Internal standard
method [J]. Journal of Analytical Science, 2010, 26(4): 409-
414

269



