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Real-time fluorescent quantitative PCR for detection of
transgenic insect-resistant maize Zheda Ruifeng 8

TIAN Jin"?, JU Ronghui’, JIANG Hongye', CHEN Ziyan', ZHANG Hua', LI Lingyan®,
SUN Yu'?, WANG Haogian', CHEN Hong'“, LIANG Jingang'"
' Development Center of Science and Technology, Ministry of Agriculture and Rural Affairs, Beijing 100176, China; *Beijing Vocational
College of Agriculture | Beijing 102442 China; *Shanghai Academy of Agricultural Sciences, Shanghai 201106, China

Abstract; [ Aim] Genetically modified (GM) insect-resistant maize, Zheda Ruifeng 8, is a new type of insect-resistant maize
developed by Hangzhou Ruifeng Biotechnology Co. Ltd., and it was approved for an agricultural genetically modified organism safety
certificate (for production and application) in 2021. This study aimed to design specific amplification primers and TagMan probes
for the transgenic insect-resistant maize Zheda Ruifeng 8 and to quantitatively detect its transgenic components, thereby providing a
basis for safety supervision by regulatory authorities. [ Method] Through a series of experiments, including system optimization,
accuracy and precision testing, and robustness testing, specific primers and probes were designed to quantitatively detect the
transgenic components of Zheda Ruifeng 8. [ Result] The data showed that the method can specifically and quantitatively detect the
transgenic components of Zheda Ruifeng 8. Positive samples with a copy number ratio of >0.1% (20 copies) were accurately
quantified, and positive samples with a copy number ratio of 0.05% (ten copies) were specifically detected. [ Conclusion] The
findings of this study provide effective support for safety supervision by regulatory authorities, thereby indicating that the developed
method can be used for the quantitative detection and safety supervision of Zheda Ruifeng 8.

Key words: transgenic insect-resistant maize Zheda Ruifeng 8; real-time fluorescence quantitative PCR; detection
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it )Ry, 2022) MR OC A A A B BUHE o,
2022 4 FREHE LT E K 2062 7 v, 45 K HR o ML
oK (2000 T3t LAE) o BRI, IR K A T A ik
B, P TR R A S ke e K R J1264

Bt TR 0 AR 1) 8 Aol 7 ol A 07 T35 528 3
FE, S LD WA TR T T i PRk, BE 22 IX 4 2
AR RN R ELIE R AN AR R <
HEEEZEZD" ) RS TAEANRRHE N Z
A TR | A% WA SR e G SE I AR ) & Fh
P A Y BB R AR, PRI B S DRI A 0 A A R
PRI TARE T R4 AR, TR B bm AR B A
AN PR RFT,2014) . RAEEER
N AR (PCR HAR) R S0k & BRAE T4 R 4r 1%
J7z N T R R R A Al AR R S
PCR R0 5 s B o B L —1, © U I BR b %
PRI 7™ it G 00 7 92 s M T I O (2R R HE SR 2023,
2023b; HILHES,2023) .

B AT B KT K = 8, BEIRIA 2238 2 Fp
Bt A HUZE 4% ( Cryl Ab 1 Cry2Ab) , & he M i 42
YR BRA w0 R R BT B ok, et
TN F B, G SE R T oKW K B 3= 8 4 FHREE TS
Wb, 7E IR 2 A I E R 22 4 T 5 8RR 3 oK 52
FEPEAA ], T 2021 4F 12 H $Rdt Ak 7= 1 22 403
T, WL, 25 Wi K+ 8 FEALIRAE S 555 P
R

ATIFFT U B PR B EOK 7 K 8 He b ik
() 3" s S R e 51 S R AR, B AR S S 1, R
SLMPOEE B PCR (qPCR) AR (L1855 ,2019; X
XA, 2021) , BT FE L PT R F KW KEGF 8 F5 57
PR AN T i, DA BE Ay 5 PR B L oK i K
F 8 MR E U B Hy
1 MR5FE
1.1 RIEHHY
L1 R BB B R R Ko 8 ek
EEIEI 2R AR 2R S = 1 MR 3 B BN B = A
BHEABRA Al

HoA B EOKIRAE  FEAR S0 % i A (2
MESF, 2023b ) FE Al I B 3 MIR162 ., DAS40278-9
4114, MON87427. 5307. DBN9858. ND207.
DBN9501 . %t 7 125, DBN9936 . MON87411 , MZ-
IR098 \BFLA4-2 nCX-1 #Abik, H & ik ia A
STHEEN 1%,

I K 5. Glycine max (Linn.) Merr. JRFE FEAR
S % AT (2R Ve S, 2003b ) BL Al LB HE DAS-
44406-6 . MON87751 , SHZD3201 , CAL16., H' ¥ 6106,
DBNOOO4 SEALIAR , 5 AL At 19 5tz F L

HIENIKAE Oryza sativa L. JRAFE % 3L SR
Brassica chinensis L. TRAFE FIHE JE KR A Gossypium
hirsutum L. JRAE(H HASZ LG %8 O il 2 4 FE i (225
JHE4E 2023Dh)

R HE D E KR FE . 5 P WL AR #% 56 £ 0K
(KA Sk 335 AR5 958 WL 6 5 A5 1331)
1 20% TR 7 LIRS .

1.1.2 £ Z® A QIAGEN DNeasy® Plant Maxi kit
(24) (XUJKEE,2013) 1 T U IH IR AR AR W0 B R AR
/3] 3 TagMan™ Gene Expression Master Mix , Premix
Ex Tag™ (Probe qPCR) ,DNA Marker %5 g T 5/
WTRE(CRE)ARAHE, SIYMATAYTRE(L
1) By A FRA Rl B

1.1.3 P#i%4% fEE Eppendorf & U B 1R
L>HL; ABIL StepOne Plus 52 B 2% % % i PCR {¥;
HITACHI CR226 GIII & .0>HL; 3 [F Quawell Q5000
H ARSI E T 521 Bio-Rad CFX 96 S
PNEE i PCR AL,

1.2 REHTE

1.2.1 4 DNA 8230 FFH AL BT H oK R
FiiF 8 M HARRG LR EACZ A G 4= 1 R 7R, 4%
H8 QIAGEN DNeasy® Plant Maxi kit (24 ) i H & #:4E
YT A5 BRI K 8 SOHAZ A+ 1 bk e
FEDRFE AR 5% K FOKTR AR HE AT 4 DNA I vk
BERIBERE , Do aso 16 1.7~ 1.9 Digoy g KT 2 I T
Sl (W4 ,2019; Gryson,2010)

122 sl4pikit 5 ofse  MRIEHHE A AR
FIGE B T A TS R P30 0 BT DG TRET FIAR
IS A4 TS ) 5 | 4 (R AR N R AT AL, 2015)

AT E KR N BRI g 28S10b (RN
FALFIE O, 2013) , HA 45 1 AR E 51y -

28S11b-3F ;. 5'-CGGTGGATGCTAAGGCTGATG-3';

2SS1Ib-4R ;. 5'-AAAGGGCCAGGTTCATTATCCTC-3';
25511b-P ; 5-TAAGGAGCACTCGCCGCCGCATCTG-3',,

DL 12,1 G B B 5 DR 0 H R OK A KB = 8 J%
HAZRIEPIZH DNA AW L, 430 ] IXTE i B¢
N 25 ng + WLTRER AR RO S WO ER S 8 RN
EE/ 9% = (H K+ 8 5 DB/ zSSHb %5 V%) x
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100, Ao L3 & H 10% 19 DNA VE R, R
FAAEB 1861 5345 -3-2012 H i 19 52 i 1 £
FUR N B2 7 R AT 5 | 9 0 ok, B Xt 51 Wi 3 AN
52, RS RAEREY B TR | Cq [H /N 5]
IR Ry 3 S A I ik A S 14

1.23 R AAL DL 1.2.2 Bl 5E 3L R & &
4 10% 1) DNA AE R #iti, 53l i & 0.1.,0.2.,0.3,
0.4.0.5 wmol + L™ 51 Hrue BEBBEE 51 9y BE A 44 1
WL 1A, RS | ik B 8 3 D AR
el LR AYLR R AAXT Cq (E55 , 5078 51 0 A ET 1) e
’fi#&g( Christian & Junko,1996)
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FH 25 ng - pL7" B 1 BEVRRG BN BRI T N
1% PR i, 5 ARG L D R A 2 IR 2 1 3 3t
DRV AR AR AR 2 3 TR T K TR AR 28 R iy — O
X} 1.2.2 GRS 415 1.2.3 B 15 | ik
FEVEA TR SPEARGI , A IRRE S I E 4 A

1.2.5 Arofen &AW ES fF 1.2.1 BRI W K E
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Table 1 DNA content and copy number in the detection system of Zheda Ruifeng 8 event

FEfh DNA % i 2SSHb JEF ¥ U1 % Wi Hi = 8 Fe by I %
Sample No. DNA content/ng zSSIIb gene copy number Copy number of Zheda Ruifeng 8 event

Gl 100.00 40000.00 20000.00

G2 16.67 6668.00 3334.00

G3 2.78 1112.00 556.00

G4 0.46 184.00 92.00

G5 0.08 30.80 15.40

1.2.6 E#EFEZEERN  LL10%1) DNA B3]
TR 2 IR 1.2.4 (T I BREFR B 5.0% . 1.0% FlI
0.1% 3 1> DNA ¥ i iE 17 52829858 PCR R,
AN FERE S E E I 3 Uk, AR 22 o i Y i 22
( Bias) JFr#EMR 22 (standard deviation, SD) FUAHXTHx
e 22 (relative standard deviation, RSD) .

1.2.7 EER(LOQ) M &  AHFFT LA i - i
VA5 P AR 1 B S5 (IR I BB AR 1 0.9% i 575,
B EARIRE R E R 1.0%, R4ERLF 2259 528
5 -5-2015 frifE (h AN RAEFTE AL #S,2015) #L
FE L HEATTIER E BIRAE T 0.1%,

K15 Oy LR A FOR W KR EF 8 &l
0.1%1%) DNA F£ it i#F 47 7L (LA PCR AR &
A 50 ng BEAINE) |
1.2.8  FB@EHAR il qPCR RHF  qPCR XL
B 3 AR 0.1% 5 2 FREE 5 i Fa fd 1 %6

AT, AR E R E 2 AT, 0 3K 3
AT THE 3 WE R 1995 DU AE LA S AS [R] A f2
T #) Bias .SD #l1 RSD,,

2 HRE55W
2.1 SI¥/ERSTREIT 5k

TEWTREGF 8 FEALMR 3/ ik i ingke 2 Fs iy
YISRE K5 1 SERE IE SR A R 25 XF(#£ 3) .
SERRW TEAT R Y A S AR
HF SR Cq HiE/ M4 S 7 B RF 8-LB-QF2/
QR2/QP1 fEMERES 1/ 5 A (1), X Hotk
FTIREE, A4 0 RF 8-QF/QR/QP,
22 RMEZRMKL

WA R 2 g 25 R RS B Y ROR KR
IS PR S 3R b B0 T PR R K 4 8 #
FRARKS AR 5 R BN 0.4 pmol + L1 384T
Wl 4 0.2 pmol - L',

F2 HiKIF 8 BUMREES AR
Table 2 Candidate primers and probes of Zheda Ruifeng 8 event

B9/ %% Primer/ probe JF3(5'-3") Sequence (5'-3")

5191/ %t Primer/ probe J¥51(5'-3") Sequence (5'-3")

RF 8-LB-QR1 CAAGAACCAGAGCACTCTCACC
RF 8-LB-QF1 AATTCGGCGTTAATTCAGTACAT
RF 8-LB-QP1 CGACGGCTGAGATGAAGATACGA
RF 8-LB-QR2 CAACTGGCGACACAGGGTG

RF 8-LB-QF2 GTTGTCTAAGCGTCAATTTGTTTAC

RF 8-LB-QR3 GTCAGAACCATTCCATTG

RF 8-LB-QF3 CGTCAATTTGTTTACACCA

RF 8-LB-QP2 TCGTATCTTCATCTCAGCCGTCG
RF 8-LB-QF4 CGCAATGTGTTATTAAGTTG

RF 8-LB-QP3 ATGAGTCCAAGAACCAGAGCAC
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Table 3 Primer/probe pairs of Zheda Ruifeng 8 event

F*5 No A Group FEHI RN Amplication size/bp || JF5 No. 04 Group TR/ Amplication size/bp
1 RF 8-LB-QF1/QR1/QP1 201 14 RF 8-LB-QF3/QR2/(QP1 82
2 RF 8-LB-QF1/QR1/QP2 201 15 RF 8-LB-QF3/QR2/QP2 82
3 RF 8-LB-QF1/QR2/QP1 141 16 RF 8-LB-QF3/QR3/QP1 173
4 RF 8-LB-QF1/QR2/QP2 141 17 RF 8-LB-QF3/QR3/QP2 173
5 RF 8-LB-QF2/QR1/QP1 152 18 RF 8-LB-QF3/QR3/QP3 173
6 RF 8-LB-QF2/QR1/QP2 152 19 RF 8-LB-QF4/QR1/QP1 168
7 RF 8-LB-QF2/QR2/QP1 92 20 RF 8-LB-QF4/QR1/QP2 168
8 RF 8-LB-QF2/QR2/QP2 92 21 RF 8-LB-QF4/QR2/QP1 108
9 RF 8-LB-QF2/QR3/QP1 183 22 RF 8-LB-QF4/QR2/QP2 108
10 RF 8-LB-QF2/QR3/QP2 183 23 RF 8-LB-QF4/QR3/QP1 199
11 RF 8-LB-QF2/QR3/QP3 183 24 RF 8-LB-QF4/QR3/QP2 199
12 RF 8-LB-QF3/QR1/QP1 142 25 RF 8-LB-QF4/QR3/QP3 199
13 RF 8-LB-QF3/QR1/QP2 142
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Fig.1 Screening of the primers/probes for Zheda Ruifeng 8 event
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Fig.2 Optimization of primer/probe concentration of Zheda Ruifeng 8 event
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Fig.3 Specificity test of Zheda Ruifeng 8 event
1 1% PR FORWI ARG E 8;2. Fi 4 1 ZAREK ;3.2 (A% 4 HADSE S TR G FEM S SR KRR &
6 5 IR RRIR AR 5 7 FEIL IR AE TR A e 5 8 L S NSRS R 5 9 AR FE JE I ERIR B RE T
1: 1% insect-resistant maize Zheda Ruifeng 8; 2. Receptor maize of Ruifeng 1; 3. Blank control; 4. Other GM maize mixed samples; 5: GM

R

soybean mixed samples; 6: GM rice mixed samples; 7: GM cotton mixed samples; 8: GM rape mixed samples; 9: Non-GM maize mixed samples.
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Fig.4 Standard curve for detection method of Zheda Ruifeng 8 event
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2.5 EMEREZERN

Fe 4 MR ZE R BR 3 A BRSO P
2% Bias 15 SRVFAY£25% X 0] N , 2 BIHT K Hq = 8
ARG RE /B PCR 7 ik R 45 S A RAF () 1E
B, R PR X s D 22 RSD /N T RLE 19 25%
T B 25 A R AP ROAS R
2.6 ETEMR(LOQ)HIHE

FEA 0.1% W IEPIHT B E KW KSR+ 8 I
SERR (R S) 15 Oy b 4 e 2 A 246 (BRI R B
MR 2234 <25% , AT Y € BRI E  0.1%
2.7 FRfEMENEK

w6 ras, A B ERAE & Al TagMan Gene
Expression Master Mix (A fl 1) 1 Premix Ex Taq
(Probe qPCR) (ia{] 2)2 1], ABI StepOne Plus
FFPOEE I PCR AL (XA 1) Fl CFX 96 SEHF2E1
FE R PCR (245 2)2 BALEE 78 72 WK 4 D1
BT 0.075% ~0.125% , Bias (45 % .SD
FI RSD < 25% , Wi K F= 8 % Ak Ak 52 i) 2 O 7
PCR 7 1A 45 SR A R 1 2 R L A 3 3596 JE 20K

SE RS SRR TR B BT R
3 5%t

Bl PRI e R K W K F 8 2 B N I LR GR
CrylAb Fl Cry2Ab B ZAMNPUI T, ARG R HT K
B 8 B AL 37 v ) Ly 81 5 TR R R 51 R
TagMan #8451 (54 2007) , 1€ 25 X 51 91/ 85T 4H
Ak BARo1 9, #E T qPCR RN B IR &R, &
RS Rl 2 R A FE AR, S T HL A R oK
WK FEE 8 H55% qPCR &K 7 vk,

SR Ay R S v | R
SEVELE B RAFRYIERA FE R % B AR A | o i
FRIE 0.1% (29 20 S F501) Kt FR 1A 0.05% (29 10
AU, RS AR, R T A
2259 S0 45-5-2015 HHEE R R NIA R 51 PRk
T 5 IR AERE R — 3, DRI T A 5 WA A DT K
FiioF 8 FEELP BT TR ) R 4 A R
PERIIE AL ARLRIAIE , ok FH OC 6 56 R b o ) ot 2
PRt T I OB 555 ,2023)

F 4 HARIHE 8 FLEW T % K 7 E RS E LK
Table 4 Accuracy and precision test for detection method of Zheda Ruifeng 8 event
T & WK H 8 I FHMH i 2 i AHXT R
Expected Determined content of Zheda Ruifeng 8 event/% Average Bias i 2 e 22
content/ % H & 1 Repeat 1 T 2 Repeat 2 H & 3 Repeat 3 value/ % /% SD/ % RSD/ %
5.0 5.14 4.83 4.97 4.98 -0.40 0.155 3.12
1.0 1.05 0.99 1.06 1.03 3.33 0.038 3.66
0.1 0.10 0.11 0.11 0.11 6.67 0.006 5.41
x5 HXImFESEUFEEMRMKNER
Table 5 Results of quantitative limit test for Zheda Ruifeng 8 event
HE Wik H £ 8 He b iddE DAL 2SSIIb KR ¥ UKL A
Repeat Copy number of Zheda Ruifeng 8 event zSSIIb gene copy number Percent/ %
1 31.1 27612 0.113
2 33.6 31194 0.108
3 325 28206 0.115
4 27.0 28554 0.095
5 31.7 28532 0.111
6 30.8 31340 0.098
7 34.6 29871 0.116
8 36.1 35406 0.102
9 36.0 35766 0.101
10 36.2 33734 0.107
11 29.0 30823 0.094
12 35.0 30721 0.114
13 30.1 29809 0.101
14 37.6 33415 0.113
15 37.7 34080 0.111
F-HI{E Average value 33.3 31271 0.107
{2 Bias 6.620
FRifEfw2E SD 0.007
A AR AR 22 RSD 7.018
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Table 6 Results of robustness test for Zheda Ruifeng 8 event ( copy number ratio)
PEH 1 Operator 1 EEE 2 Operator 2 ) Fihos
" ” : " i e O g
Ve FEE IR 1 Reagents 1 &5 2 Reagents 2 77 1 Reagents 1 157 2 Reagents 2 e iz ;i
Average Bias T mZE
ins S Sub-sample SD
istument - SUbsampe gy g2 wE3 O WE1 FE2 BE3 WHE1 wH2 wH3 FE1 FE2 FEI v /% Sy D
Repeat 1Repeat 2Repeat 3 Repeat 1 Repeat 2Repeat 3 Repeat 1 Repeat 2Repeat 3 Repeat 1Repeat 2Repeat 3 %
X1 THEL 0.1143  0.1032 0.0976 0.0758 0.0779 0.0809 0.1173 0.1052 0.0955 0.0778 0.0746 0.0946 0.0920 -8.0 0.0149 16.2245
Instrument 1 Sub-sample 1
FHE2 0.1162 0.1201  0.1033 0.0820 0.0939 0.0964 0.0946 0.0885 0.0850 0.0842 0.0800 0.0799 0.0937 -6.3 0.0129 13.8175
Sub-sample 2
FH3 0.0943 0.0876 0.0978 0.0752 0.0758 0.0783 0.1133 0.1471 0.0989 0.0769 0.0876 0.0899 0.0941 -59 0.0203 21.5225
Sub-sample 3
352 THE 00909 00923 00935 01077 0.1108 01177 0.1090 01252 0.1191 01123 0.1034 0.1200 0.1085 85 0.0110 10.1381
Instrument 2 Sub-sample 1
FH2 0.0944 0.0954 00843 0.0742 0.0776 0.0834 0.1198 0.1214 0.1227 0.0909 0.1099 0.1210 0.099% -04 0.0176 17.6941
Sub-sample 2
FHE3 0.1240 0.0974 0.1045 0.0853 0.0947 0.1011 0.1239 0.1172 0.1202 0.09%4 0.1011 0.1085 0.1064 64 0.0119 11.1844

Sub-sample 3

7 1:TagMan Gene Expression Master Mix ;7] 2 : Premix Ex Taq ( Probe qPCR) ;{X#% 1: ABI StepOne Plus 7€ Y65 & PCR 4 ; {X#% 2. CFX

96 DN E B PCR Y,

Reagents 1; TaqMan Gene Expression Master Mix; Reagents 2; Premix Ex Taq ( Probe qPCR) ;

Instrument 1: ABI StepOne Plus fluorescent

quantitative PCR instrument; Instrument 2; CFX 96 fluorescent quantitative PCR instrument.

S 3k
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