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Establishment of a field visual detection method for genetically
modified maize ‘Shuangkang’12-5 by fluorescence RPA
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Abstract: The genetically modified (GM) maize ‘Shuangkang’12-5 has good insect resistance and herbicide tolerance,
which is one of the first series of GM maizes obtained a safety certificate in China, and it has broad application prospect in
the future. This study established an on-site rapid detection method for GM ‘Shuangkang’12-5 based on recombinase
polymerase amplification (RPA) technology, which primes and probe were designed according to the specific flank
sequence. Then the best combination of primers and probe was obtained through a screeing process. The amplification
results of fluorescence RPA can be directly visualized under blue light. The results showed that the visual detection system
of GM ‘Shuangkang’12-5 with high specificity, and the detection sensitivity of the method could reached 10 copies. Further
research found that the RPA amplification system had a wide range of temperature (34°C-46°C). According to this property,
the common self-heating warm pastes on the market were used replace the traditional heating instruments to stimulate the
RPA.The results showed that the self-heating warm paste meets the temperature requirement of the RPA system. Finally,
we combined the self-heating warm pastes with the RPA visual detection system to conduct on-site detection of GM
‘Shuangkang’12-5, and compared the results with the detection results of qPCR. The detection showed that the results of
on-site visual detection method established in this study were consistent with the detection results of the gPCR. Moreover,
the visual detection method was more shorter in time and the final detection result was clear and easy to distinguish. The
rapid on-site visual detection method for GM ‘Shuangkang’ 12-5 established in this study has high specificity, high
sensitivity and convenience. It not only meets the needs of on-site rapid detection of GM ‘Shuangkang’12-5, but also

provides highlight for the development of other on-site rapid detection methods.

Keywords: genetically modified maize; RPA,; visual detection; field detection

TR =IRAEEYZ -, BAMREmN
EAROE A RGP AT 5 THOE . WU, RS
BCHTZ AR ED P, xR & R ROl =
WP g5 R R B AR Y. WA e R R 1
JEFI AR LA REEAT R, [ 1990 4FR, 5
5 EIFR T2 A SRR, R KR 4
BRI TR R AR IE VR, 2019 4FFifute i FR
KE] T 6090 JT AW, 5B IOKMAE AR 31%.
PR DN TR BRI AR B 22 4 . PRBE PR3 45 T T
BT R AVER o

F FE TR A SR B N TR T 1

FRAE NI E EEREED AN TR, K
FoRE AP [ 2010 4ELASK, TR N oK G
CUE, AP E LR 1A 5 3 1 Bk AR AT 20
Zih, ARIERENREZ S, ENWIEHE TR
R KRR % . 2019 4F 12 AFRE A E0FE P
FREEALRE A2 e B, Hrp RN ok
WAL 12-5 Wi R0 &, P TR IE A =740
R F KM R o 2 R AT PSR R GAHE,
43 9lJ& pUbi-Cry1Ab/Cry2Aj-T(PEPC)HI p(35S/Ubi)-
EPSPS-T(35S), flidr Bt R EXKEZRE S T/
PEPC & I -F %%, fj EPSPS (5-enolpyruvylshikimate-



804 AR Hereditas (Beijing) 2021

o5 43 4

3-phosphate synthase gene)3&[H i CaMV35S Fll &K
ZRASNTHBNE SRS 7 M 35S Kk T
T EPSPS JE A HAT BR BN 52 Pk, AT LAYE i ik
FrRic e, S5 AT LR B H TRl A T BH M AR R 1 07 32
I R R R OK R B A T H e RS e R A7 4
HAT T R AT SR, A5 T B2 Rl Ak K
FPAE o A T X HFE AT A ) IS A B, I Y) R E
FELRVAEDRTEV ST Y alll s pe e

H A 55 PV 1 G ) 32 2 i 2 (1 T 3
TRRWIRN o BT 8 A BRI 77 vk 22 55 2
ghuiAR, HERBK . AR, i H ARSI Ak 5 AR
H, SR AR 50— JrT, T BRI
Tk, FURBAGIUAE Py 4 A i s TR A, X
0 BRI T A A U A AR SR B T T A
P (RS 7 VR TN AR L AR, VS FEl L s
U e 2 R RN Jr i v, PCR R (0% 38 PCR.
qPCR)% & H i [ AN & BB e 2 1 — 28 0%
FEDRAGIN 732, S SRR . REUE R | Rk,
Wi 22 E FAE A S i A AR G 56 05 110,
{H PCR e (st TAS 2 A 2, HABRHS, BRI T
A PR A7 AG T H f ff FEEOL,

AR A 4 47 R (recombinase  polymerase
amplification, RPA) & —Figr RUfE iR b g F AR M A
FHE 2 . PaELs A8 . DNA A e E 4
RSN AL R A PR . R SR AT, A R (5~
20 min) Py BT 52 A% IR A 381 b Ak i — ey
fEl 39°C, A ZRAMUAS , 1 H RPA XA Y 4l
JEEORAE, 1SRRI BRI . ASBIF5E 4
A RPA [R3R SERpME 1 SG T B X i R PR R KL
Pt 12-5 AL PARRR S ARG 1Y) RPA 51 SHREHAL A,
JFR I E KT BG4 W Y 25 5, A&
RPA X4 18 il B2 1T 520, A B A B M 4R
IR MU EE ST — R 6 R R KWL 12-5 (1)
I e R AR A A I T 3k

1 MRSk

1.1 ##

T FE PR T K XU 12-5 Fh 1, B L PR oK NK603
BT176.T25 Ml BT11, ¥4 5L [H K & A5547-127 356043

GTS40-3-2 F FG72, #:FEPHIH3E MS1XRFL, MS2x
RF2 .MS8xRF3 1 OXY235, # £ [A 4 1€ LLcotton25
MON15985 Fil GHB119 /i) DNA )3 H AR SLH6 2

1.2 DNA RE

Fie fEAEY) DNA $EIGR T & (M BT 5t A4 i)
TR A BR2S w) 6H F  H% E if 1 BE [ 4 DNA, il
FEHLH) DNA IR & 1 2 {X NanoDrop2000C (3¢
[ Thermo 2\ R))#A T A% R 5 & 730 A7 , I T—20°CIt™
e

1.3 ¥t RPA

Z: 8 RPA (DRI & (b 42385 Ak A= Wt
FA A A B A TR R AL E , 98t RPA S 4
%N 50 uL: Buffer A 12.5 uL, 10 pmol/L iF.. JZ [
19045 2 uL, 10 pmol/L 484t 0.6 pL, itk DNA 2 pL,
fin ddH,0 #h5F 3] 47.5 uL, FE4HRSIE A Buffer B
2.5 uL, FFKIRAT. 9496 RPA R £51F: 39°CH 1
20 min, %)t RPA W3 2G5 5 HZE 6 & PCR
1 CFX96 (3 FEF1 AR A R MEE, %% RPA 1Al ¥4k
25 B FH WO (LUYOR-3415RG, % FHAX #%) Id
SRR U R AR .

1.4 S|¥5RH& T

P RPA R R HE 2 451 WM 1 ZR3REE, Heat
PR K AT 12-5 1 BARTR B B A7 3 0 e A e
P55 B LI 1AL R Vector NTI 3k {478 4N IR I
AN S B 2 RV R R T K e PR 4 3 4 3 3 |
Yy 8 4%, AEAMBEAR AL S AT I ED SR AR A BT
ST N IES W 8 4. Frieiti b NUES I Ho3il
Ab AN IE AR A AN, LRI X A B PR R KR
Pt 12-5 Aty 4 . 519K ¥ 30~35 bp, GC &
1 30%~70%%, IS RSN & R OKSE A R b
WA BB FA), KB 46~52 bp, Fakk 6 BSOS
PEB R ZE M A S A I . AL 4 MBI
P, TEBRE R EEAL, H— > U & Wk R (THF) B
BRI 31 IS G, 1E ARSI 1Y)
PUINBLE ;78 THF AL BF, 265 30 HckE T Ak
PrRic— oG A 6-72 5 2¢ R (FAM:6-carboxy-
fluorescein), 7 THF &M FE, 55 33 0L T
AbFRig—A BT P K 3L A1 (BHQ:black hole quencher),



Rk AP EORBUT 12-5 985t RPA B i (ARG 7 ik 1y e 5 805

Pl R RIAHE i BRFAIAENFRAHE LB

T AR H
——

pUbi-Cry1Ab/Cry2Aj-T (PEPC)

Target
GCTCTGGTCR ACGGGTTGCG CATCGCCATC GAGCTGGGGG TCCGACGCCT CGACGCTCGT

GTGACTCGEE AGCTCGTCAT CGACCAAGTC ATGAAGAACT CCCACTGCCG CGACCCGAAG

ATGGAGGCCT ACTGCGATGA CGTTCGGTGC CTGGAAGACA AGTTCTACGG GCTCGAG-
12-5-P

|P.ACCACATCG CCCGACGCTA CAACGAGACT GATAGTTTAA ACTG;’U\Gk}CG GGAAACGACA

ATCTGATCCA AG TCAAGCT GCTCTAGCAT TCGCCATTCA GGCTGCGCAA CTGTTGGGAA
RS
Y
P _
- 30+ bp > <—15+ bp—» c)@ﬁ-’fl g Ffﬁ?aﬁ{’t
T :||||||||||: v g} M
RPAYHf # 4} O
) 46-52%p g HAFSRIR g
A THF{i &5, P UOEHEE @ WRKEHE )
D BRSNS W 3E
C 1200 1200
1000 F 1000 -
800 800
E 600 E 600 R5/F4
400 400
200 200 -
0 C L O [ — | — L L J
0 5 10 15 20 0 5 10 15 20
Fif 1] (min) i} [ (min)

B 1 It RPASI#FIERET R 5%k

Fig. 1 Design and screening of the primers and probe of fluorescence RPA
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Table 1 Primer sequences and probe sequences used in this study
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Fig. 2 Specificity experiment of fluorescence RPA
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Fig. 3 Sensitivity experiment for genetically modified crops
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Fig. 4 Temperature adaptability experiment of fluorescence RPA and feasibility experiment of heating method

of warm paste
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T8 BRI AN Rk A #he 39°C iy % I A Hh 22
EAS5 R W 4D, AT LLG BLE: 4 55 P Rk #4032
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b W, AR, B 5B AR R 9Ok
RPA & 2 SBRA I 96 AN &l AL SR 45 5,
RH| 24 MRV, BBt i . gPCR
PR iR 96 AL A5 R UL 5C, AT 24 Sy
M2k =4 . qPCR LKL 45 3 5286 RPA AT LALAG
S5 SAR IR, DA 58 d 7 1 92 RPA Al AL RS

o a: SR 39°CHI#A 20 min; b: BEMSMNER 20 min; 1. 3. 5. 7 WEAMEXIIR; 2. 4. 6. 8 KL E K 12-5, D:

WMIHERR . 556 RPA 5 qPCR A6 25 5 K 1) iy P bk
A L L 2 (Feh HUR R 3 B oKk WP 12-5
Bl B BHPEZS SR EEXT) , 225 RPA AT AR Ak A i FH B
[a]¥4 % 20 min, gPCR Y Ct {H7F 26.82~29.76 Z[H],
Z% PCR XA F- R IR H], qPCR A I e [R] 115 [
J7 58.64~64.54 min, FERFIL & T29¢6 RPA, SERRK:
EE R, Fr i sr o] A8t RPA K Jr ik
HLOERG . BaPE.

3 Wi

AR RPA HR1S 2R 1Y &, 51548 PCR
FHLG, RPA AR TCH & 5ty PCR A, AT LA ] Y
X B AT R Y, AR R P
o5, EA TR, HAre e gt
SEIG R FR A2 Tz N .

SRR Y WRCR A R R, 51l
REA 5 r= e g | ) — SRR & Je 254, i ol Jo S B AR
o 2 SRR R AU RPA 54— 7E 30~35 bpl™®!,
HATHA L 1A RPA ISt t:, h T3k
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Fig. 5 The actual detection results

A BRI 96 fLARk = B P RPA SEBRAG N AT MR AL WL %%
45 C: qPCR RIS HR . RFU: AIXITOLIREE .

FINR RS WA G, AHFERYE RPA 5188
W, it b, I 8 &, SRR & LU
IV S A T A GG R, SRS AT
W, WLEEAE RO YR R B R T 1,
PGt )R 5 1905 BT A B S A A A S R
X A BEAT I WS 0 S8R e e L U
1o RBGXA T, AP Al AR H g
BERCR e 5 I o

HATARYE RPA H 7 LR 75 i 2 2 3L
RPA 550 i) 3 3l S e R 255 85 PO I B AR &
BRI 7. Forh RPA S0 1) i B S AR5
ARSI 7 kR T . PR AT R AR | TR Rk
KB, (HAG I 5 BT o, AF7E RIS ey
VAN S DR TR 11 i S Ol < e | T 4
I RSAS o T RPA 59N AR S & iR N 7 ik
Z ORI RPA, LA RAF 2 g F A #5 2N S 22
It RPA RN B 4 IV, Sy S22 e RPA BG4
ARBHES R T B A SR, (AR T A Y
AT . ARWFFEIE i RPA 7EAS [RELE T 1948 5

R 2 %3 RPA #1 RT-PCR X S2ERAE S B9 44 )
Table 2 The detection results of fluorescence RPA
and real-time PCR

. I 45 2 #6500 B 1] (min)
i 7t RPA gPCR %)t RPA (PCR

1 + + 20 60.9 (Ct=27.95)
2 + + 20 60.1 (Ct=27.55)
3 + + 20 64.52 (Ct=29.76)
4 + + 20 60.48 (Ct=27.74)
5 + + 20 60.94 (Ct=27.97)
6 + + 20 63.18 (Ct=29.09)
7 + + 20 62.84 (Ct=28.92)
8 + + 20 63.64 (Ct=29.32)
9 + + 20 60.62 (Ct=27.81)
10 + + 20 60.58 (Ct=27.79)
1 + + 20 62.48 (Ct=28.74)
12 + + 20 62.66 (Ct=28.83)
13 + + 20 62.92 (Ct=28.96)
14 + + 20 59.8 (Ct=27.40)
15 + + 20 59.86 (Ct=27.43)
16 + + 20 62.9 (Ct=28.95)
17 + + 20 63.92 (Ct=29.46)
18 + + 20 62.36 (Ct=28.68)
19 + + 20 58.94 (Ct=26.97)
20 + + 20 58.64 (Ct=26.82)
21 + + 20 60.98 (Ct=27.99)
22 + + 20 61.02 (Ct=28.01)
23 + + 20 61.6 (Ct=28.30)
24 + + 20 61.84 (Ct=28.42)
H - = / /

N, &3 RPA 75t nl ML AR AS DN HL AT AR T 1) ek B 1
NP (34°C~46°C). HEL, ABFFFIH T FAR &
PR I WV A AR AR A, 1B s AR W] 22 Mg AN
T, I HHEE TR, Jr 5T . ZEA I 2 SR A0
DT, A B AN R OGAT, IR B B
R ] 58 BB A RTARARAS I . E AT, 8 AR AR &
SR B DR R Ay I R I e w R i, A Bt
Z A% KAAE 10~20 JT/4%, i RPA H Ei—4~ %
IV (1) 3% F KA E 15~30 It {HRf#E RPA HAR B#fE
FONE A, LA 2 FH 245 2 i — 20 1
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