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Event-specific multiplex PCR detection method for
five genetically modified canola lines
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Agro-Product Safety/ Tianjin Engineering Research Center of Agricultural Ecological & Environmental Remediation, Agro-
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Abstract: [ Aim] With the increased number and variety of genetically modified (GM) plants and their derived products in the
world, detection methods that can efficiently detect multiplex transformation vector simultaneously become increasingly important.
[ Method] Based on flanking sequences of five GM canola line (RF1, MS8, Topas19/2, Oxy235 and RF3) and endogenous refer-
ence gene cruciferinA ( CruA) for canola, event-specific primers were designed. To analyze specificity and sensitivity of primers, GM
canola lines, GM soybean lines, GM maize lines, GM rice lines and GM cotton lines were amplified by single PCR and different
DNA concentrations of GM canola were amplified by multiplex PCR. [ Result] The developed 6xmultiplex PCR assay could specific-
ally detect five canola lines, RF1, MS8, Topas19/2, Oxy235 and RF3. The sensitivity of multiplex PCR detection was 0.05%.
[ Conclusion] The developed 6xmultiplex PCR system has high efficiency, specificity and sensitivity, and could meet the require-
ments of transgenic component detection. All these results suggested the developed multiplex PCR system could be applied in GM
canola detection.
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1996—2015 4, Bk FE VR S5 FhA 1fi B
IAE] 20 /2 hm® , Hor 26 R EE R AEY) (363 AL
PRSAT AL HE Fh R AR D TR B B R} (James,
2015) o L ER RO R A FP R 25 N R T H
KRG TS FIEREEIC RS , WD) 3 A 22 R 245 1Y)
A AR RSO | B A 28 B 5, B2 i ™
FESE (B4 ,2014) o EHS 1RSSR AL
G la) R £ 2 Ao i (HESR I SS ,2014) . 4ATIE
DY ST MR PR | 5 T 17 2 i R ) K
H 8 B PO BASIN B AR | i 5 ) e 5L PR
FOH = i A WA, U0 Se AR R B2, R 9P
BELAL i Rh AR B AP R B B I AR e
#L(Forte et al. ,2005; Gachet et al.,1999) ,

TSR A2 B2 00 B T AEL W i D el o Y5 R0 )
B, 2015 4F B JH DR SR Fii i A o 2 Bk 5
PIVESIFP R TR 5% (1 42 hm?) (James, 2015) .
T ERf R A b O 1 2 ki R
Frft S Eny—F L b REC SRt EHEE D
T JsURE A 55 3 K3 32 GT73 , Topas19/2 . T45 |
MS1 MS1xRF1 ,MS1xRF2 MSIxRF3, Oxy235 MS8
xRF3 RF1,RF2 % (http: // www. isaaa. org/ gmap-
provaldatabase/) , & H [ 3¢ G258 KA 0 H 48
T woR 2016 47 1—5 A, i ERR SR R
173 J71,2016 459 H | JECISEKAM 5.8 J1 1, Al e
4T 119.28%

T BE DRI AE ARG D v 2 A 2 A e S M ARG DN oy T
ORI Y H Y R BO SIS AR R FE £ DNA 2
i) 4 325 422 DX, i L B 2 e PR AR S P AR 00 R ) A
S PRG54 5 % (Holst-Jensen, 2009
Yang et al. ,2007a) , ¥ALEMARE R PCR C 44
VU2 I FH 2 B TR A 0 Ay AR D30 R S A i ok A
1 (Kim et al. ,2014; Zhang & Guo,2011)

SEPE PCR RGN 5 PRI A ) v g v P 1)
T3 R TR B 7 i A SR R AT E B AR IR 3R
FE Dl it B 2 o S A T B, HRI, B R PSR
GT73 MS1xRF1 MS1xRF2 MS8xRF3 #1 Topas19/2
RS T Ak A E M PCR K )7 5 ( Akiyama et
al. ,2010; Demeke & Ratnayaka,2008; Kim et al.,
2006; Wu et al., 2007, 2008, 2009; Yang et al.,
2007b) . BEA He RE ISR AL AL B Bk B 2 | 38 )
g T [ A 22 e Al B AR 1 s ARG I AR

% # PCR(multiplex PCR) X#{& & PCR, f1f%

45 PCR HAR K RN, U5 B 22 Rl 4 8 14 i 5 )
B (4R 2015) {0 ZHER 2 41 % 8 H oo
FSER AR S AR RGN, Sl = o S M o 1 e b 286
RIZHVISE, SRR R A G, 2 AT A
EEN N (T = PR i M g = T S T 7
(Kim et al. ,2014; Samson et al. ,2013) . ARWFFEHY
H % 2 g 7 — B AT R B &R I RFL, MS8
Topas19/2 ,Oxy235  RF3 2554 3 K i 5 54 Ak 4 1A 1
Z ¥ PCR & i,
1 #Rt5FH*®
1.1 R 5iRF

FEFLP3E (RF1 ,MS8 . Topas19/2 \RF3 RF2
T45 ) FHAEE 3 PR SR i I ) 36 ) A T Ak 2 K 2
23 (AOCS) 5 & FE R 38 (Oxy235) (He BEH B oK
(Bt11 MONS810) &I KFE(TT51-1 KF-6) 53
KK 5 (GTS 40-3-2, MON89788 ) Fl /% 3t [H 4 1€
(MON1445 MONS531) F fiy Ry A SL 56 28 CRAFFE i

Taq 4 . ANTPs  10xPCR buffer (& Mg™) .
50 bp DNA Ladder .6xLoading Buffer I3 [ Ki% 4=
Yy TREA BRA 7], HAIH S AR I 1 5 B R
P ARABRA A,
1.2 (U FE5EE

5417 %975 3 B 0 L (8 [E Eppendorf 23 7))
NANODROP 2000 %I i i 43 66T (35 [ Ther-
mo 3 F) ) ; Thermal Cycler C1000 #UFHE PCR % ( &
[¥ Bio-Rad 23 ) ; Gel Doc XR +#E i A4 AX ( 35
Bio-Rad A #])
1.3 DNA £E

SR FH ] G Bt B DR R 40 T 7= it i A )
DNA $#ICHI4lifl) (45455, 2016) 42 B Sk A
20 DNA FUHAbFE 5 3L K 40 DNA, Fi NANODROP
2000 FHR I 4306 0 BE I S $E B S 41 DNA
WRE, ARIESAEESER KA DNA 7E 260 nm/280 nm
F1260 nm/230 nm AN T 1YWY BE R ) E 1
B DNA B
1.4 5|¥i&it

ZH PCR BIYFHIILEE 1, BFRIEE cruciferi-
nA( CruAd) J RVE R N b o 2 R (5 K I 4§,
2016a) , % 3 K 3 =8 MS8 514 ( MS8-F/R) 1 RF3
191 (RF3-F/R) 3k H B ZARMELR L ES 869 54 15-
5-2007 (5K B4, 2016b) , FZFEEPIIMEE RFL 514
(RF1-F/R) . Topas19/2 5| ¥ ( Topas19/2-F/R) .



+ 246 - Wi Journal of Biosafety

526 %

Oxy235 5149 (0xy235-F/R) 43 il AR % GenBank %2
BRI RUFF5 B EU090199.1 EU124676.1 Fi

EU099579.1, % Oligo V7.0 BT RIS

*1 ZEPCR3IY
Table 1 Primer pairs for multiplex PCR

5% JFHI(5-3") ik PR E %%
Primer Sequence (5'-3") Target Length of amplification/bp References
RF1-F GAATTTGGCCTGTAGACCTCA RF1 125 AHFFE This research
RF1-R TTCCATCTTTTCCGGTGAC
MSS8-F CCTTTTCTTATCGACCATGTACTC MS8 159 P HIEE 2016b
MS8-R AATTTTAAAAACTTGTGGGATGCT
Topas19/2-F ATAATGGTTTCTGACGTATGTGCTT Topas 198 AHFFE This research
Topas19/2-R CCTTCGGCCTTAATCCCAC
Oxy235-F GAATTTGGCCTGTAGACCTCA 0xy235 263 ATHSE This research
Oxy235-R TTCATCCCGACAAGGTCCC
RF3-F CAATAACTTTGTTGGGCTTATGG RF3 284 FAC W48 2016b
RF3-R CTCGTCTCGGACCTCCGAAAACC
CruA-F GGCCAGGGTTTCCGTGAT CruA 101 KBS 2016a
CruA-R CCGTCGTTGTAGAACCATTGG

1.5 PCR RN &%

S fd F Thermal Cycler C1000 %A i PCR
X, RIS PCR MR 5 | 4 i 45 Sk, S
KR AL 2.5 wL 10xbuffer 200 pmol » L™ dNTP |
1.5 mmol - L' MgCl, .0.65 unitsTaq [ . 5| 42 v &
10 wmol « L™ 50 ng LK 40 DNA, ddH,0 %b % 25
pL, ZH PCR RN FR (25 wl) 4 2.5 pL10xbuff-
er 200 wmol + L™'dNTP 1.5 mmol - L™'MgCl, il 1.5
units Taq fiff, 100 ng FEHIZH DNA

PCR I 544 :94 CAEPE 5 min; 40 RAGERY”
B RZ I (94 °C 781 30 5,58 CIB K 30 5,72 °C fEfi
30 s) ;72 CHEMH 5 min, L PCR J=¥) 10 pL F&A
0.5 g + wL™" EB 19 3% I BRWEEEIE B ViR I 4347
1.6 REFEXW

R T VAR T ST G Z2 H PCR R I ik B4 ARG
FR(LOD) , ¥ AEFE B 1) DNA 57 RF1 MS8
Topas19/2 ,0xy235 | RF3 45 [i) 5 1 28 1A 7 6 DR it
S DNA 4T 784018 &, 1 51 e Al A 1) e 2k
PRI AE R B A & rp i o T i L4310 10% 5% |
1% .0.5% .0.1% .0.05% .0.01%

2 HBREHW
21 S|¥HERE

MR 5 A% 5L A 3 = 5 A 20 (RF1, MS8
Topas19/2 ,Oxy235 \RF3) ¥¢ 575 v £ 8 PCR
R 5 o fR AR 0 Tk A b S B R 4 A RT e
WRIBER, RIL T 2 8 PCR 519, ¥4 F B

AR T 300 bp (2 Kk EE,2016) , o TIFM FIE:
UEPITEE S ORI AAR 2 P o | W A e S e | B BOAS [R) B
PR I DRSS R R B B BE N 0K B
BE DR 7K A | Pl ik DR R A 52 2 ke DA A 40 i B[R] 4
DNA #7848 PCR Bl 45 REZMW, UES A H
AR AR A0 P i Rl SR v A 1 U A 3
Yy AL BUA RFL /Y 5" 33 514758 5 BOR/ Ry
125 bp ALk MS8 119 5/ S35 751 4 4% BeoR
/IR 159 bp, AL ZRAK Topas19/2 K 37 S il 32 17 51
YU R BER/INA 198 bp, FeAL 8K 0xy235 19 3 3
M3 3 938 B BOR/N R 263 bp, 52ALEAR REF3 (1)
5" 514 Fr BeR/INA 284 bp (K 1), PCR
PHG P 28 pe MOS8 AR T A T AR (1) i
A RRAFSEIT T 4 WllFIuE(E 2)
2.2 ZE PCR REFH5|MREMRN

TEZH PCR AR Z R, O 17 8 £ ) i 4 484
ZAH Y DNA 75 B4 S PR 5 80P I Lk 45 |
Pl B AE SO, 51 W)Y BT 2B G T 5 (Lee et
al. ,2014) , ARANEEAG WYY 45805 — 2, W A
Berg 4 3 5 | Oy B BE 2R T R Be gy 4 5 1, E
TESZBRIEFE DGRy MR A AT RE 58 42—
2, A THAFSIXER— PCR RV AR A
AAREF e S PR R 0 9 B 0%, 0 20 BT 5 |
Yk B 47 B L AL AL B ( Demeke & Ratnayaka,
2008)



55 3 1) BANE . 5 PIEDIM SR AL AR e 2 5 PCR AT ik - 247 -

300 bp
250 bp
200 bp
150 bp
100 bp

300 bp
250 bp
200 bp
150 bp
100 bp

300 bp
250 bp
200 bp
150 bp
100 bp

300 bp
250 bp
200 bp
150 bp
100 bp
300 bp
250 bp
200 bp
150 bp [
100 bp

M:50 bp DNA ladder;1:RF1;2:MS8;3;Topas19/2;4:0xy235;5;RF3;6. 58 TR IE-S Y (BL11 MONS10) ;7. 55 E K IR &Y (GTS
40-3-2 MON89788) ;8 . % S /K R IR &) (TTS1-1 KF-6) 59 . 7 FL AR AE TR & (MON 1445 MONS31) 510 #53EPIHZE(RF2 \T45) .
M. 50 bp DNA ladder; 1; RF1; 2; MS8; 3; Topas19/2; 4; Oxy235; 5: RF3; 6: GM maize (Btll, MON810) ; 7; GM soybean
(GTS40-3-2, MON89788) ; 8: GM rice (TT51-1, KF-6) ; 9: GM cotton (MON1445, MON531) ; 10: GM canola (RF2, T45).

1 S|¥ERtHESH

Fig.1 Analysis of the specificity of primers designed for multiplex PCR
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A 1 GAATTTGGCCTG TAG A0C TCAATTGOG AGC TTTCTAATT TCAAAC TAT TOGGGOCTAACT
61 TTTGGTGTGATGATGCTGACTGGGTGAGGATGATG AGTOGCCGTG TAG TCACCGGAAAAGA
121 TGGAA

B 1 CCITTTCTTATCGACCATGTACTCGACGGCOGAGTTOGACGGO0G AGTACTGAMGAGAAA
61 ATTGCAAAGGTCGAATCATATTCGTACTG TAG TTAATAGAATATGATCAAMGOGTOCTCA
121 AGGTTTATGGGOCACAGCATOCCACAAG TTTTTAAAATT

C 1 ATAATGGITTCTGACGTATGTGCT TAGCTCATTAMACTCCAG AMAOOCGOGGC TCAGTGG
61 CTCCTTCALOG TTGOGG TICTGTCAG TTCCAAMCG TAAAMCGGCTTG TOCOGOGTCATCG
121 GCGGGGG TOG TAAOGTGAC TOCOGG TCATATATC AGCGOCGGTOGGOOCOGGGCCTGGGE
181 TGGGATTAMGOCGAAGG

D 1 GAATTTGGCCTG TAGAOCTCAATTGOG AGC TTTCTAATT TCALSC TAT TOGGGCOCTALCT
61 TTTGGTGTGATGATGCTGAC TGGCAAGTTAATCTAGTT TOCGGT TATGAAGCA0GGCG TG

121 TCAGCTGATGGCAAGT TAATCTOOCOGAAGTOGACAAGAC TCACACCACCATCTATCGAA

181 GATGGAGCAGAACTGTCGTCAGOGCGTCGGACCTOGCOGTATCCATAGTAGAGTCTTTTA

241 AAACGGGAOCTTG TOGGGATGAA

E 1 CAATAACTTTGTTGGGCT TATGGTOGATAAGOG TGCGCATGTCTGATGGTACATGC TARA

61 TGCTATATTICTGT TTAALG TGT TAAAATCAT TTTCTGATGGAACTAAATOCAGT TTTAA

121 GAGTAMCTGACAAGTACAATTAAGCACASCAATAAMATAG TAG TAATTIGGCATCTTTGAT

181 TGTTAAATATCAAAAC AATAAAGTTACAAALAAA AT ACCAAACCAATAATGAAGACTIG
241 GCGGAGACAG TCCOGTCOG AAGGTT TTCGGAGGTOOG AGACGAG

A FEREINSE RFL 1Y 5 5T, PCR FP=4IR/N 125 bp; B AEHEDIINZE MS8 19 5/ #1555, PCR PR/ 159 bp; C. FE R 3R
Topas19/2 ) 3" F 74, PCR 724K/ 198 bp; D 7 HEPIHSE 0xy235 19 3" 5% 51, PCR =R/ 263 bp; E G HE sk
RF3 /9 5" 3555, PCR “H K/ 284 bp; RIBEZIR /UKD WAL B, 120 R 4 843 791
A; 5'flanking sequences of RF1, the PCR product is 125 bp; B: 5’flanking sequences of MS8, the PCR product is 159 bp;

C: 3'flanking sequences of Topas19/2, the PCR product is 198 bp; D 3’flanking sequences of Oxy235, the PCR product is 263 bp;
E: 5'flanking sequences of RF3, the PCR product is 284 bp. The primers are underlined. The canola genome sequence is shaded.

2 FEEMFBREFT

Fig.2 Flanking sequences of the transferred DNA flanking region and the inserted region of
the GMO genome from five GM canola PCR products
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g LR ER 240 51 Wr B A BE RN ik Ui
WAL (Kwon et al.,2014) . % £ PCR J W&

ZYS e 0.1 wmol - L' %] 1.0 wmol - L™

BYGHATI L, Wik, 25 wl 25 PCR MR R

M 1 2

300 bp
250 bp

200 bp

150 bp

100 bp

g 6 X 5l ¥ CruA-F/R, RF1I-F/R, MS8-F/R,
Topas19/2-F/R Oxy235-F/R Fll RF3-F/R 23 & 43
51545 0.1,1.0,0.8.0.24 1.0 F10.72 umol - L' (& 3)

M:50 bp DNA ladder;1:CruA 1 RF1;2;CruA Fl MS8;3:CruA il Topas19/2;4:CruA Fl Oxy235;5:CruA fl RF3;
6:RF3,0xy235 Topas19/2 MS8 .RF1 #1 CruA,
M: 50 bp DNA ladder; 1; CruA and RF1; 2. CruA and MS8; 3: CruA and Topas19/2; 4. CruA and Oxy235; 5. CruA and RF3;
6: RF3, Oxy235, Topas19/2, MS8, RFI and CruA.
3 HERMXMEZEPCR I G
Fig.3 Multiplex PCR amplified from GM canola lines

23 ZEPCRAENIHE
JHARSE HE DS B K 2 DNA FiRE 5 AN [A) 5%
OB RS FE DI SR A FE R 24 DNA, FE40 IR AT, il 4%
BTN 10% 5% 1% .0.5% .0.1% .0.05% Fl
0.01%%:— ZF L4 DNA #ity, fELE PCR X
N f R 100 ng FE R ZH DNA /B WA, PCR 314
FEI B IR I FL K AT 45 SR R BT ST 2 T
PCR 7£ 0.01% 7K V-0 7] £ 4, {0 5% 1k 1& RF3 Al

300 bp
250 bp

200 bp

150 bp

100 bp

Oxy235 2% JEH 559, M 7E 0.05% /K F-4% PCR § 3
SR TR BT T DL, LR RSORE A Y 0T A 37 B I PR il
K2 H PCR Rl 7 ik A I B R 0.05% (& 4)
B — AR ) B AR FE I 1 2 1.3 pg, KEAH Y
T 38 /™7l 2 A R L R 24 5 DL ( Oguchi et al. ,
2010) . S5CETHI4RE (Kim et al. ,2013; Lu et al.,
2016; Oguchi et al. ,2010) A7, 13 K BR 1) 2% S
FESESL PSR A I 43 BT 1T LIz

4 5 6 7 8

M50 bp DNA ladder; 1 ~7 . 55 HiH2% RF1 MS8  Topas19/2 ,0xy235 .RF3 DNA {RA&4
10% 5% 1% .0.5% .0.1% ,0.05%F1 0.01% ;8 . JE 44 B PSR
M: 50 bp DNA ladder; 1~7: 10%, 5%, 1%, 0.5%, 0.1%, 0.05% and 0.01% of a mixture of
GM canola lines (RF1, MS8, Topas19/2, Oxy235 and RF3); 8: Non-GM canola.
4 ZEPCR WERRKEMRSH
Fig.4 LOD analysis of the multiplex PCR

3 it

AR TR AR S P A DN 2 5 i DR AR g B 7™
RGN v 5 o 9 R e e (A ARG 9 A 2 ] Bt ok
KT, 27 PCR H AR N H A4S ki 3R
T AR B A B, A 2 3 DR i A A T g 454 43
BASFIN (IS 2016; HR #4045, 2013; 7K
BT 55 ,2016) , ASHIF 5T BT X 5% 35 DR 3l 352 10 O [
TR AR R SV P ST T 2 X 514, 8 i i vk 5
Yy, AR iR & e & Sr T — Al #E A — PCR

A 28 H ARG I 5 3 DX 3 S RFL, MSS ., Topas19/2
Oxy235 \RF3 % 5 R [A AL A — A N 2 5
%) 6 T PCR frill /5, Frsr £ & PCR Rtk
U PR HADFG ARG FE R 2 e SRR K v e 3k
K B 5E KRS | T B AR A 5 R I T 9
B R EAR R BR I 0.05% , 58 215 A BK
SR OB IR = AR R SR Ay ik i ST ]
A SRy PR I 22 o e 5 R S S T Ak AR 1 A 35
2 WSR2 I A B X,
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