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Rapid Screening of Genetically Modified Ingredient in

Crops by Multiplex Real—-time PCR
XING Zhen—juan, DONG Li—ming, LONG Li~kun, LIU Na, XIA Wei, XIE Yan—bo, LI Cong—cong, LI Fei-wu
(Institute of Agricultural Quality Standard and Testing Technology,
Jilin Academy of Agriculiural Sciences, Changchun 130033, China)

Abstract: Through sequence analysis of genetically modified corn transformants approved for import and ob-

tained agricultural genetically modified organisms safety certificates in China, it was found that CaM'V35s promoter,

NOS terminator, CrylAb/Ac gene, and Pat gene covered 21 corn transgenic events. In this study, a series of experi-

ments, including primer combination screening, reaction system optimization, sensitivity test, and applicability test

were conducted. Consequently, a five—plex fluorescent PCR system and a duplex fluorescent PCR system were estab-

lished based on four common screening elements and an endogenous gene zSSIIb. The measurement results of pa-

rameters showed that these two multiplex fluorescent PCR detection systems established in this study are character-

ized by strong specificity, good stability high sensitivity, which can reach 0.05%. Meanwhile, these two systems can

also be used to screen and identify genetically modified ingredients in soybean, rice and many other crops.
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Table 1  PCR primers information of S5 system
o DA LR FE (umol/L) SIYHRE 2R R TH(5°—3) 1T A FE (bp)
Target Final concentration Name and sequences of primer/probe(5”— 3) Amplicon length
zSSIIb-QF 0.3 CGGTGGATGCTAAGGCTGATG 88
zSSIIb —QR 0.3 AAAGGGCCAGGTTCATTATCCTC
zSSIlb —QP 0.15 HEX-TAAGGAGCACTCGCCGCCGCATCTG-BHQ1
P-CaMV35s -QF 0.4 CATCATTGCGATAAAGGAAAGGC 125
P-CaMV35s -QR 0.4 TGCTTTGAAGACGTGGTTGGA
P-CaMV35s -QP 0.2 FAM-TCGTGGGCTGGGGGTC-MGBNFQ
T-NOS-QF 0.4 ATCGTTCAAACATTTGGCA 165
T-NOS -QR 0.4 ATTGCGGGACTCTAATCATA
T-NOS -QP 0.2 Texas Red— CATCGCAAGACCGGCAACAGG-BHQ1
pat —QF 0.4 TTGAGGGTGTTGTGGCTGGTA 68
pat —QR 0.4 TGTCCAATCGTAAGCGTTCCT
pat —QP 0.2 Cy5- CTTCCAGGGCCCAGCGTAAGCA-BHQ1
CrylAb/Ac —-QF 0.4 GACCCTCACAGTTTTGGACATTG 93
CrylAb/Ac -QR 0.4 ATTTCTCTGGTAAGTTGGGACACT
CrylAb/Ac -QP 0.2 Cy5.5-TCCCGAACTATGACTCCAGAACCTACCCTATCC-BHQ3
&2 S22k HESIMFIIEES™
Table 2 PCR primers information of S2 system
AR LR (umol/L) SIMIHRE A PR KT A (57 —3) P HF S E (bp)
Target Final concentration Name and sequences of primer/probe(5”— 3°) Amplicon length
DAS40278-9-QF 0.4 CACGAACCATTGAGTTACAATC 98
DAS40278-9 -QR 0.4 TGGTTCATTGTATTCTGGCTTTG
DAS40278-9 -QP 0.2 FAM- CGTAGCTAACCTTCATTGTATTCCG-BHQ1
BVLA430101 -QF 0.4 AATTGCGTTGCGCTCACT 152
BVLA430101 -QR 0.4 GCAACACATGGGCACATACC
BVLA430101 -QP 0.2 Cy5.5- CCAGTCGGGAAACCTGTCGTGCC-BHQ1
*3 ZEWRNPCRREMFRMLK
Table 3 The optimizatipn of the fluorescence Multiplex PCR system
2l SSHRFZ S5 system 2wy S2KFR  S2 system
Primer 1 2 3 4 Primer 1 2 3 4
zSS1lb 0.5 0.375 0.375 0.5 DAS40278-9 0.625 0.75 0.5 1.0
P-CaMV35s 0.5 0.5 0.5 0.5 BVLA430101 0.5 0.5 0.5 0.5
T-NOS 0.5 0.625 0.5 0.625 / / / /
pat 0.5 0.5 0.5 0.5 / / / /
CrylAb/Ac 0.5 0.5 0.5 0.5 / / / /

T b RS IR RV pLs SRET I RS 41 172,

Note: The volume unit of the upstream and downstream primers is in pL; the volume of the probe is 1/2 of the primer.
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Table 4 Target genes of 23 genetically modified corns
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Note: “+” means the test result is positive; “— means the test result is negative. The same below.
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Fig.1 Amplification curve of optimal primers concentration in fluorescence multiplex PCR systems
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Table 5 Test of suitability to genetically modified corn of the two systems

BE S5{RZ S5 system(Ct) S2IKZFE 2 system(Ct)

Sample 2SS11b P-CaMV35s T-NOS pat CrylAb/Ac DAS40278-9 BLVA430101
Btll 27.08+0.21 26.57+0.21 25.56+0.19 26.55+0.25 25.99+0.22 — —
MONS810 26.17+0.14 26.98+0.15 — — — — —
Bt176 27.09+0.06 26.59+0.05 — — — — —
59122 27.35+0.05 28.34+0.05 — 27.15+0.02 — — —
Bt38 26.41+0.10 28.90+0.12 30.45+0.07 — — — —
MONS89034 26.14+0.08 26.92+0.09 25.52+0.10 — — — —
1E034 27.30+0.11 25.54+0.13 25.05+0.10 — — — —
MONS863 26.38+0.11 26.60+0.15 25.86+0.15 — — — —
MONS88017 26.77+0.24 26.39+0.23 26.73+0.27 — — — —
5307 26.90+0.49 — 25.18+0.14 — — — —
T25 25.56+0.28 24.76+0.29 — 24.53+0.29 — — —
NK603 26.67+0.18 26.08+0.19 25.44+0.18 — — — —
TC1507 28.76+0.36 31.69+0.33 — 28.50+0.43 — — —
MONS87460 27.05+0.06 26.73+0.05 27.05+0.06 — — — —
MONS87427 25.79+0.09 25.56+0.06 26.22+0.05 — — — —
MIR604 26.80+0.09 — 28.56+0.05 — — — —
Bt799 26.09+0.13 26.46+0.06 25.96+0.14 — — — —
MIR162 24.81+0.36 — 28.72+0.14 — — — —
GA21 25.63+0.16 — 25.08+0.40 — — — —
3272 27.07+0.06 — 23.70+0.16 — — — —
SK12-5 26.78+0.17 26.96+0.04 — — — — —
DAS40278-9 26.13+0.02 — — — — 26.23+0.23 —
BVLA430101 26.35+0.12 — — — — — 26.59+0.07

&6 SHEREITHMEEREWHIE RSN
Table 6  Test of suitability to other crops of the two systems
Vel BE S5 4% S5 system(Ct)
Crop type Sample 28SIIb P-CaMV35s T-NOS pat CryIAb/Ac
K GTS40-3-2 — 23.79+0.19 22.38+0.16 — —
MON89788 — — — — —

CV127 — — — — —
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Vel BE S5 4% S5 system(Ct)
Crop type Sample 2SSITb P-CaMV35s T-NOS pat CrylAb/Ac
pNs A2704-12 — 23.34+0.07 — 22.49+0.15 —
A5547-127 — 24.97+0.12 — 24.10£0.05 —
305423 — — — — —
356043 — 30.26+0.29 — — —
i H7-1 — — — — —
K T KF2 — 25.41+0.16 25.12+0.06 — —
KF6 — 23.75+0.04 22.18+0.03 — 22.23+0.04
KF8 — — — — 24.03+0.08
KMD — 25.84+0.10 23.74+0.21 — 24.32+0.17
TT51 — — 24.45+0.09 — 23.89+0.08
M12 — — 26.83+0.12 — —
i 1k MON 1445 — 26.80+0.09 25.730.11 — —
MON15985 — 25.84+0.39 25.12+0.39 — 26.00+0.27
MON531 — 26.15+0.03 25.99+0.04 — 25.65+0.05
MON88913 — 30.86+0.26 — — —
LLCOTTON25 — 32.22+0.11 31.040.15 — —
GHB614 — — — — —
E MS1 — — 31.20+0.08 — —
MS8 — 32.65+0.28 29.35+0.21 — —
0XY235 — 27.77+0.27 — — —
T45 — 29.66+0.05 — — —
RFI — — 28.23+0.05 — —
RF2 — — 29.34+0.10 — —
RF3 — — 24.73+0.07 — —
Topas19/2 — 29.69+0.05 — 28.84+0.07 —
GT73 — — — — —
2.5 S2 S54RI RBEMIK FA W ARRED 1G R P 1S i 4 5 5L S R AR

W S2 A1 SS R R I BHPERE AT — RINRIERS 8N 0.01% K UL FE, A2 EIK R A2
FERRRE, AT RN (K 7). L5REW, MFEEL 0 X R A SRR 3 PR, 3 B A 22 J A R R R A
KRR 7 58 25% ~ 0.05%M) , SSR R SRR KL BERBIAE]0.05%

DKL BES 1S H ORI 4R S2 IR R PRI 4k

R7 BMIOSENRGENR

Table 7 The sensitivity test of the two systems

Ff Al R BE

Sample dilution concentration(Ct)

% & FbREE

System Target gene
25% 5% 1% 0.2% 0.1% 0.05% 0.01%
S5 Zssith 27.17+0.07 29.23+0.04 31.41+0.13 33.15+0.11 34.59+0.30 36.68+0.10 —
P-CaMV35s 27.40+0.02 29.49+0.05 31.67+0.05 33.63+0.08 34.54+0.11 35.57+0.08 —
T-Nos 24.51+0.14 26.72+0.08 28.64+0.10 30.65+0.16 31.43+0.20 32.15+0.01 —
pat 27.82+0.01 29.88+0.05 31.69+0.15 33.45+0.07 34.58+0.18 35.17+0.07 —
CrylAb/Ac 26.73+0.12 28.84+0.04 30.68+0.06 32.78+0.13 33.43+0.20 35.18+0.02 —
S2 DAS40278-9 25.80+0.01 27.05+0.02 29.51+0.03 31.47+0.06 34.25+0.06 35.22+0.27 —

BLVA430101 25.37+0.01 27.05+0.01 29.27+0.03 31.76+0.04 33.78+0.14 35.53+0.20 —
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