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Abstract Living modified (LM) crops are imported each
year to South Korea as food and feeds, LM canola being one
of the imported crops. The cultivation of LM crops is not
permitted in South Korea but the import of these crops is
increasing. In this study, we surveyed the environmental risk
of imported LM canola at 9 provinces, from March 2009 to
June 2013. Monitoring of canola was conducted around feed
factories, roadsides, harbors, farmhouses, and flower festival
regions. From the total of 595 canola samples collected from
1850 monitoring sites, we identified 6 LM canola samples.
The LM canola samples were subjected to protein and DNA
based analysis. PCR analyses using approved 5 single event
primers (T45, MS8, RT73, Rf3 and Topas 19-2) revealed that
two crops were glyphosate-resistant LM canolas, and four
were glufosinate-resistant LM canolas. This study suggested
that environmental monitoring is a useful research tool to
manage LM crops unintentionally introduced into the
environment in South Korea. This result can be used as a
basis for future post-management of canola crops.
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E557] tlmoll AFAY Ao B o= A o= = E o] B
23 HAY S4E A =S 98| of ghrk(Hoyle et al.
2007; Baek et al. 2008; Lim et al. 2015).
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Table 1 Oligonucleotide primers to detection of LM canola

TEHE AT FM(Lateral flow strip)

Lateral flow stripE-4] & S HAHF N EA o] =% &
M7} AP Abehe A 23 el A 2 stripof] E3FSEAL Qlo] Al
% o A HE-s- 2 of w2k LMO o

3 slubo] th(Kim et al. 2011). 2 A+

AM = 1A A o2 AR A Ao @A A
AJBFAL AL AL Lol A T A 717 242 4145} 0.0
CP4-5-enolphyruvylshikaimate-3-phosphate synthase (CP4EPSPS)
9} phosphinothricin-N-acetyltransferase (PAT) & A&8 4= Q)
L A B2 Envirologix (USA) AL] w3+ of| whe} 4=3)
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UER 9tk WA A Ak= NCBI GenBank {512} 74 & 2}
F+H99Y93 FEAFANE(Joint Research Centre-European
Commission, JRC-EC) o A <13t Crud (GenBank Accession
1n0. X59294) 9] primer& A 2}51 G 1L oW E E0] & primer+=
JRC-ECOl[ A & Q1 Mt of wpe} =9l 42 d71A
o 979} A8 G727 4714 D 977} mabE o] HE 5
ol Aprimer A 23k A L4 L A A H &
A2 7=t oAl & 9] genomic DNAE DNeasy Plant
Mini Kit (QIAGEN, German) 2] ;}HH 0. 2 =319 01 1.0 %
agarose gel 7] %52} Nano-drop 2000 (Thermo scienfific,
USA)S 2 DNAE gQlstal S AR & g asd
HHE-3-(PCR) S| 53 (100 ng/ul) & 2 AR-g-5F A Th WA A
A} Crud primer (10 uM) & AH&-8F0] 752} of H-&5 ¢l
5 o0 o]l E E o] A X a}o]m 55(T45, MS8, RT73, Rf3,
Topas 19-2, 10 uM)& 7+ 2] A Al & 17t} 5% A E & PCR

WSS AAste] 29} 98 GO MES] e 45

o vt

Event name  Orientations Sequence Product size (bp) Reference
sense
T45 ' CAATGGACACATGAATTATGC 123 Charles et.al. 2006
antisense GACTCTGTATGAACTGTTCGCA
sense AAAAAGTAAA
Ms8 ' GTTAG GT CAATTAATATAGCCGG 130 Mazzara et al. 2007
antisense GGAGGGTGTTTTTGGTTATC
sense
RS ' AGCATTTAGCATGTACCATCAGACA 139 Savini et al. 2013
antisense CATAAAGGAAGATGGAGACTTGAG
sense
GT73 ' CCATATTGACCATCATACTCATTGTC 108 Mazzara et al. 2007
antisense GCTTATACGAAAGGCAAGAAAAGGA
sense GTTGCGGTTCTGTCAGTTCC
Topas19-2 . 95 Mazzara et al. 2011
antisense CGACCGGCGCTGATATATGA
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Fig. 1 The number of monitoring sites and the collected living modified canola samples from 2009 to 2013. The numbers of
monitoring sites (A) and the collected samples (B) by LMO monitoring in each year are on the left
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Fig. 2 Monitoring sites of living modified canola, according to
places investigated (A) Mature plant around mixed feed factory
area, (B-C) Mature plants around roadside area. (D) Mature plants
around harbor areas. (E) Mature plants around stockbreeding
farmhouse areas. (F) Mature plants around canola flower festival
areas
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Fig. 3 PCR results from LM canola samples using event-specific primers. (A) Lane 1-4; LM canola samples from 2009, (B) Lane
1-8, (C) lane 1-8 and (D) lane 1-16; LM canola samples from 2012, M; 100bp DNA ladder, N; negative control, P1; positive control
(GT73, 108bp), P2; positive control (Topas19-2, 95bp). Each PCR analysis was performed in duplicate and electrophoresed on 2.5%

agarose gel
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Fig. 4 Location of released living modified canola in South
Korea from 2009 to 2013. Triangle; sample from the year 2009,
circle; samples from the year 2012, brown line; main road,
mark of Harbor; main ports of South Korea

LM Fiseto] Az o & Abu H g
HFAN A 217, 20120 B A=

20099 1} 2012 of] ©]
75 )9 AFH A o

17, A A o Jgol A ZHid e 2 F 6310
th(Fig. 4). 2009 1A ol A LAE 142 AR FA

o] ] M glo] 519100 20124 91U A B H4 5
Arhol 4 WA H 1AL Y A0 AL
Wl LM A et 8528 o] F ok Fol womde
2 8Z0| H AoR AFREC 20098 1} 2012E o) EHAE
LM =sets Ut o] E Q] GT73 .2 &2l 9t} 2012
d FS A LA Al of| A A LM Al eke] 9= 4t
ol 4 W LM A7t 2422 ol 55t Fof v o]
EHOR fEE AR AR 2 BE FUT olME
2l Topas19-2& Q1= Ut 20129 Hepd = FFA o A
WA E 14& A7 oA vhd o] =91 2 ™ Topasl9-2
= QI Aebd e FFY SA A A 3 12
LM QA& 3 17) 94l A] 20| A Topas19-22 2910
HAoHIM A 2 Y YA R F4S oA A
ZAPFH Q5 A © & AL E ) Park etal. (2007) & =W 7
22 WA 24 8 ool A AR E A F T & T
HAEA (lateral flow strip) = A A3 A1} LM 7=t 7F @

0|

Ol-lTlo

=

A=) 7] ¢korom Lee et al. (2007) < Q14 gk 34 a4 7t
SHpR oA A RS A F T PCR 4L A A8 2
LM Az eb7h HEE A Goteha B askleh 22 ¢
TIAE B3] 20099 € 2013E 74 A A8 BUEF &
APR AR i S A A A ol A LM A s 2
£ st e of= AAME A Wl MY =H (& 7t
L1t AL tAFO 2 Al EE LMO A3 B
g A7t asithe A& AARRITE £ 2UEY AFE

%7454 LM 75 eh= 8t e] A Al Asto] L E S F
st o LM H=et BUEE A AaES 748}
2 LMO ¢ #2 & SRt 7| 2ARRA B
Aoz AR ET}

i)

olm
O

o)

wet ol of
> 8 2
B
[‘J {
ooy

X2
mlo

o

—

AEL D AR FAARLELS vy o] 4:90]
w3 glov] SHAWE et T 49 248 S0l
shupoleh. AP AR Y] S Al 58H T A
QAT 412 TH W F745Ea Gl Al olch & Q1o
A= 2000056 2013 744 A= 9 =8 Ak 2 2
SoE fA4AE A ete) AAAAA W 55 HES
sporstaal muE e AA S BUEY 2 3
wh AR TR, FATL $4R, FAA 20 gaow
AN AR SA4EE et o4/ R DNA
o 71uhe £ ot chul o] 7he & g o m B4
Stk % 18507 2|4 ZA ol A & 59574 9] o] 4 A] £ 5 27
shelon] 670 AR AsetE Bstc Fu 4

A SoUE TdoHE

primerE AH-8-3H PCRYFE-& &3l 2711 ¢ glyphosate A 34 &
7R = oM E 2} 4 7} 9] glufosinate-ammoniumo]] & 844 &
7HA ol HIEE Eeltgleh £ A5 Bl e =
U A7 A A W o] AR 220 v o
A G dwelr] Y8l i 8= A d s %le
HALE R & Feh] A 7| 2 AR E T
2 Aoz A2 gch

AL

2 A= 2016 5 =T RN R AR A AR (A A
2016- 74 17-07)9 2] 91 © 2 3P = gt

Reference

Bacek HJ, Won SY, Kim JK, Shon SI, Lee K, Cho MR, Song JK,
Yoon MS, Lee J, Jin YM, Ryu TH. (2008) Study on the gene



484

J Plant Biotechnol (2016) 43:479-485

introgression from GM chinese cabbage to major crops in
cruciferae. Korean J Int Agri 20:124-129

Charles DC, Bogni A, Mazzara M, Savini C, Van Den EG (2006)
Event-specific method for the quantification of oilseed rape line
T45 using real-time PCR - validation report and protocol -
sampling and DNA extraction of oilseed rape. EUR 22357 EN.

European Commission, Joint Research Centre (JRC). Available from:
http://gmo-crl.jrc.ec.europa.eu

Hoyle M, Hayter K, Cresswell JE. (2007) Effect of pollinator
abundance on self-fertilization and gene flow: application to
GM canola. Ecological Applications 17:2123-2135

James C (2015) Global status of commercialized biotech/GM
crops: 2015. ISAAA Brief. No. 50.

JoBH, Lee JR, Choi W, Moon JC, Shin SY, Eum SJ, Seol MA, Kim
IR, Song HR. (2015) Development of multiplex PCR-based
detection method for five approved LM canola events in
Korea J Plant Biotechnol 42:117-122

Kim JH, Kim YR, Kim HY (2011) Current status on the
development of detection methods for genetically modified
plants J Plant Biotechnol 38:143-150

KBCH: Korea Biosafety Clearing House. [Internet]. 2015. Status of
risk assessment of GMO in korea. Available from: http://www.
biosafety.or.kr.

Lee BK, Kim CG, Park JY, Yi HB, Park KW, Jeong SC, Yoon WK, An
JH, Cho KH, Kim HM (2007) Survey of herbicide resistant
oilseed rapes around the basin of rivers in incheon harbor area.
Kor J Weed Sci 27(1):29-35

Lim Y, Yook MJ, Zhang CJ, Nah G, Park S, Kim DS. (2015)

Dormancy associated weedy risk of the F1 hybrid resulted
from gene flow from oilseed rape to mustard. Weed Turf Sci
4:35-43

Mazzara M, Bogni A, Savini C, Van Den EG (2007) event-specific
method for the quantification of oilseed rape line Ms8 using
real-time PCR - validation report and protocol- seeds sampling
and DNA extraction of oilseed rape. EUR 22917 EN.

Mazzara M, Grazioli E, Savini C, Van Den EG (2007) Event-
specific method for the quantification of oilseed tape Line
RT73 using teal-time PCR - validation report and protocol -
seeds sampling and DNA extraction of oilseed rape. EUR
22918 EN.

Mazzara M (2011) In-house validation of an event-specific method
for the quantification of oilseed rape Topas 19/2 using real-time
PCR - validation report and protocol. CRLVL12/04VP

Park KW, Kim CG, Lee BK, Kim DY, Park JY, Kim DI, Kwon MC, Yi
HB, Kim HM (2007) Monitoring of imported genetically
modified crops in the cultivated fields in korea. Kor ] Weed Sci
27(4):318-324

Savini C, Bogni A, Mazzara M, Van Den EG (2013) Event-specific
method for the quantification of oilseed rape line Rf3 using
real-time PCR(V.1.01) - validation report and protocol - seeds
sampling and DNA extraction. EUR 26149 EN.

Sole R (2015) Bioengineering the biosphere. Ecol Complex
22:40-49

Susarla S, Medina VF, McCutcheon SC. (2002) Phytoremediation:
an ecological solution to organic chemical contamination.
Ecol Eng 18:647-65



J Plant Biotechnol (2016) 43:479-485 485

Supplemental Table 1 LMO detection results of monitoring samples

strip kit
Year Sample No. RR L PCR
1 P N P
2009 ) p N N
1 P N N
2 P N N
3 P N N
4 P N N
5 P N N
6 P N N
2011 . p N N
8 P N N
9 P N N
10 P N N
11 P N N
12 P N N
1 P N N
2 P P N
3 P N N
4 P N N
5 P N N
6 P P N
7 P P N
8 P N N
9 P N N
10 P N P
11 P N N
12 P N N
13 P N N
14 P N N
15 P N N
16 P N N
2012 17 P N N
18 P N N
19 P N N
20 P N N
21 P N P
22 P N N
23 P N N
24 P N N
25 P N N
26 P N N
27 P N N
28 P N N
29 P N N
30 N N P
31 N N P
32 N N P
2013 1 P N N

RR: Roundup Ready Canola Leaf and Seeds, LL: LibertyLink PAT/pat Canola Leaf and Seed, P: Positive, N: Negative





