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Abstract In recent years, several genetically modified (GM) crops have been developed worldwide through the recombinant

DNA technology and commercialized by various agricultural biotechnological companies. Commercialization of GM crops

will be required the assesment of risks associated with the release of GM crops. In advance of the commercial release of

GM crops, developer should submit the several information on GM crops for approval. In this study, we carried out to

provide the molecular data for the risk assessment of GM rice containing insect-resistant gene, modified CrylAc (CrylAcl).

Through the molecular analysis with Cry/Ac? induced GM rice, we confirmed the steady integration and expression of

transgene, the transgene copy number, the adjacent region sequences of inserted gene into rice genome, and the

transgene stability in progenies. For the qualitative PCR detection methods, specific primer pairs were designed on the

basis of integration sequences, and construct- and event-specific detection markers were developed for leaf folder-resistant

rice, Cr7-1 line. From these results, we demonstrated that the molecular data and the PCR detection methods of leaf folder-

resistant GM rice could be acceptable to conduct the biosafety and environment risk assessment.
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AHEH 52 & 4 3t} (Matsuoka et al. 2002; Rho et al. 2004; Lee
et al. 2006; Pan et al. 2006). Screening PCRH-2 G4 A HE ZHE9]
ek Al AA7IA] HHA 02 o] RE T QI 355 LR REL; Nos
ElujdlolE 52 AAst] AR A 9 75 gHelstA HaL
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olgHe W, B A 2 7hulE 7HE o ERE HANks
< UEhd 4= 3l B%o] o5 W& 1 F29 HAA; 2R
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DNA & 9 Southern blot 34 : 21549 genomic DNA= 7+
AR 1 g% H0T0] AR Y3 A Slel 2
3} 3 DNeasy Plant kit (Qiagen, Valencia, CA, USA)Z ©]-83}¢]
DNAE F&3%itl. &% DNAE NanoDrop Spectrophotometer
ND-1000 (NanoDrop Technologies, Inc.,Wilmington, USA)E ©|-8-3}
o 260/280 nm F}o] 1.8~2.0 Alo]Ql M-S 7k AlFof o] 83519tk
SAAHE AEA| Q] £olQHA EA g01S 23] Southern
blot& 4=3Yo}gl o, -2 &3t genomic DNA 5 pggE A3t
4 Psf} Clal 0.2 Z}Zy Tre] A 2lsto] Aekstal 1% agarose gel A
ol A X719 gt th& denaturation 178-& =3 3}3I}. ©] & nylon
membrane (Hybond-N+, Amersham, Uppsala, Sweden)]| 2] DNA
£ Zo|A]7]1l, Membrane2] DNA THAE-S UV-crosslink (1200x
Jem®)@ 1143t 3 hybridization buffer (0.5 M Na,PO, pH 7.2, 1%
BSA, 7% SDS, 1 mM EDTA, 10 mg/mL salmon sperm testicle DNA)=
1A)7t 52t pre-hybridization} T}, Hybridaization-> Random primer
DNA labeling kit (Takara Bio Inc., Shiga, Japan)& ©]-g3}o] wlg]
FAH5 eI Pyl 0 2 Hehelo] 2[5t 2.1kbe] mCrypldc T
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O} hybridization 3}$it}. Membrane-2 washing solution (1st solution,
2X SSC, 0.1% SDS; 2nd solution, 1X SSC, 0.1% SDS; 3rd solution,
0.2% SSC, 0.1% SDS)©.2 X]2|3}1 X-ray B= (Super RX, Fuji,
Tokyo, Japan)ol| 71345te] FAASIA| Q] =-GAA EAL &l
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Figure 1. Schematic diagram of PCR strategy for the detection of leaf folder resistant GM rice. I: construct-specific primer region, I and

III: event-specific primer regions of right and left border

Table 1 Sequences of primers used for the event and construct-specific detection in this study

No. Primer name Sequences (5'-3") Target gene Amplicon size (bp)
TPCry-5° 5'-CTTCGGCAACGTCAGCAAT-3'

I TP/CrylAc1 258
TPCry-3' 5'-GATGGACCAAAGATACCCCAGA-3'

| Mrs-5° 5-TTCTGAGCACGCATAGGAAG-3' RB-franking 341
MrRB-3° 5-TGTCATGCCCTGTTATGCTG-3' region

" Mrs-5° 5-TTCTGAGCACGCATAGGAAG-3' LB-franking 236
MrLB-3' 5-TTTGCCCTACCATCTGAAGG-3' region

A e 21E $15te] immunostrip 737 (lateral flow strip test)S
ANBlGich 2 ARE ks 2EE o WAL 250
3, bar =9G4 R}o|| telj A= Trait LL Test Strip (Strategic Diag-
nostics Inc., Newark, USA)Z; Cryldcl =334}l tisAl= Cryl Ab-
1Ac ImmunoStrip Test (Agdia, Elkhart, USA)& ©]-&3}o] A=A}
Al5st Wel wel immunostrip 78S 3Tk

AFAE £4 : LAl gt genomic DNA 4o =9
T-DNA®] QIFAISS BHI5} 117} Kim (2005b)9] Hrof whe} =
AR AT HA, genomic DNAE Hincll2 Astal. o]
S ADI1 (5-TAATACGACTCACTATAGCAATTAACCCTCACTAA
AGGGA-3"¢} AD2 (5-TCCCTTTAG-3)2o.2 A% adaptorE
ligationd} itk & HA ©A =, adaptoro] ot Al (5-TAATACGA
CTCACTATAG-3") & A2 (5-GACTCACTATAGCAATTAAC-3")9]
Eo| zglo|HE A|Z}slal, T-DNAQ] right bordero] tjsjA] RBI
(5-GAAGGAGCCACTCAGCAAGC-3") 4 RB2 (5-GGACAAGCCG
TTTTACGTTTG-3")E, left borderef tfdjjA4]= LB1 (5-ATAAGGCT
GTGTGTCCTTTG-3") ¥ LB2 (5'-ACTGAATTCGAGCTCCTGAC-3")
] primerE A|Zsto] GAEE PCRE 4-33Gict o|F S&%
PCRAME-2- 1% agarose gelol] 7]9%55}2L Gel Extraction kit (Qiagen)
£ o]g3fo] AA| Z, pGEM-T easy vector (Promega, Madison,
USA)el A1Jstel 7142 Srlslelck Sl 97142 NCBI
BLAST 243 ol§3to] B4 BAS Sashelck

= T
Eo| Zajo|r] AZ 4 PCR AA : A& WHAuE o] AR
2l T-DNA Q] Q1AM ES vlEto &2 &34 GM H o] AWAE

o] i3t AA Eo] Zefo]o|E A|Zs1ch (Figure 1; Table 1). A
25}t Zafolnl 11 EolAS Folstux} L5, Tatoln w1
DNAA o] WE IS 2ARIAL Zefolr e A Ao

SRIsl] Sjeted 2t 28, AT 2 A cheret 9

10xPCR buffer (Ampliqon, Herlev, Denmark) 2 uL2] dNTP (2.5 mM
each, Ampligon), 1.5 uL 2] 1.5 mM MgCl, (Ampliqon), Z-Z} 10 uM
9] forward®} reverse primer, Taqg DNA polymerase+= TEMPase Hot
Start DNA polymerase (Ampliqon)E 1.25 unit Z7}5}aL, 20 ngQ]
template DNA7} Z3}FE| 22 2 A 5le] $35}9th PCRYES =7
2 Dyad Peltier Thermal cycler (Bio-Rad, Hercules, USA)E ©]-&-3}
ol, 95C oA 1587 AA sk, 95C oA 20%, 60°C oA 40%, 7
2T o)A 187E 35cycleE Fon, upet AR 712C oA 582
7t 353 h 2% PCRAFELS 2% agarose gel Aol A A7
% ool UVE SISkt
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S5 sie o A7 A3 Fol ek Fel oha
e B AZHoNA S H A2A A H,
& AR 9 29} e A A B T 780l tiste] kA
AAISHL lth (KBCH 2008). whebA] 2 A 3le Aol 3l

A o Aol 5 HolA] il & seAdAS HEt
7-1 AL 0] 835lo] GMO 49814 B71 A ¢t
BERARESHA B4 AR E AR AA|HE) Genomic DNA
ol YRR P Al A E 2l ffaliA, WA A
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M P N C7-1 M P N Cri7-1

(@) (b)

Figure 2. Southern blot analysis of leaf folder resistant GM rice.
Genomic DNA was digested with Ps#l for the two-cut site (A) and
Clal for the one-cut site (B) followed by hybridization to Cryldcl.
M: 1kb DNA ladder, P: positive control, N: wild type plant, Cr7-1:
event lines of leaf folder resistant GM rice

N Crr-1 N

Cry1A

L

(@) (b)

Figure 3. Confirmation of gene expression for leaf folder resistant
GM rice by using immunostrip. (A) immunostrip tests for the bar
detection, (B) immunostrip tests for the Cryldc/ detection. N: wild
type nagdongbyeo, Cr7-1: leaf folder resistant event lines. Arrow indi-
cated the positive bands on bar and Cryldc expression

23514t} AgtaL Py} Clal z+2F 2a] 228}
%jZH “"‘ﬂr E?J%ZJXH EA4E blotting © =

[e] o =

47(]'7} genome *]'oﬂ HgAeE AU AES ST 4 AN
t} (Figure 2A). TE3F T-DNA AF9] 3 K& Clal2 Attslo] Aldt
Asol gt E%}%ﬁx}“] EAE AR A3 1 copy ] A
7} Y=o Q= AL 39181t (Figure 2B). 22 §-42F -4t
HE 2 AN 3 2 AFo| iM% copysE Felgt At

1~371¢] & UEbll=t) (data not shown), o]= FEAAS A4
Oﬂ w2} genome ol £E-H-HR7} ThFsHAl A}l OW e

2 u|stt}. Agrobaterium .2 AEEFHAAZ} 5= 79 1~37]9]
chefel copyrE Hlvkarstn, AWFAOR copy 7t WETE
2 o] ek ol slout AulElshe 218 oflw, Tl
copy 2 Fefoll §A49] Q4 § Aol FelstehL Tt (Lee
et al. 1997; Youm et al. 2002). & A3 9] Cr7-1 AE9 Lo
T copy = AFE o] Q= Zlo] BRIE I, 2.8]2 & copy

Z= WA Boh fRF R HE dHE fAske AeR

H rlok

U PR STREATY OM o, Cr15| Y

>

J barS} Cryldcl S 2 HE =23t E}%m dhg] =& 3ols) 2~
Ao, 2o A 01@% e UERA] Qe (Figure
3). LESTE 534 Cr7-1 Als-2 =dfdztel] ofgh Tl ko]
o]2o]7lo] =xE|Q] AMEW Sl bar®} CrylAb-1Ac 2] immu-

nostrip &2 A& 7153 Ao g wAgEQich
MY =4
Southern blot 4] 0 2 X €] event A%, Cr7-10] 1 copy?] A=}
7HARIEIO19L2-2 Bolskgon, olo] ufel =l Ake] BAA
E=3H4 54 245 flsiA T-DNA AFI5-919) A ES Kim
Q00sbye] el wel Ao skt WA, 239
gDNAZ A§ta A Hincl2 H2]3}o] Ist PCRL 433111, o=
v} O 2 Ond PCR-E 423Y3}¢] agarose gel 4719522 T-DNA Q]
right border (RB) & left border (LB) £$]9] SZ5 WEE &H2ls}
At (Figure 4A). ZZ% RB2} LBO] PCRAMELS pGEM-T easy
vectoro] cloningslo] A7|AHS ®ASEL, o5 H7IAFel tist
o] NCBI blast M2 A5} 2l A A - Figure 40 L&}
Vot 714 73 Lub) vhe] T-DNA oj2le] @7l BhelelA] o
oFAl, T-DNATFO] ¥ genomeo] AYUE RS & 4 ATk E3H
T-DNA 2| QI A Gofl gt ¥ genome o] fAMY 41 3 A 1A
£ 2elgt A1, fAM Qe A7IAES EIEA eksten, T-
DNA 9| 4FQ] 591 ¥ genome A1 G W] 9,296,530%1 7|4l
g 2oz AUEY dS AT 4 Uk
GMO =] QlofAl 35S Z2HE] Bl Nos H1|H|olE 55

FoE Sk YHFAQL screening AW ‘ﬁ% A e H}Olﬂii
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and Pan 2005; Taverniers et al. 2005; Pan et al. 2006). H¥HH =95
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AACTGAGACAGCTCTCCCAGTTCATGCATTGCACGRAAGCTTGATGAGATGTT TACAGGAGCAAT GUTCTGARGAGCACTCATA
TTTITCAACCCAGCAGATATAGTCACAGCTTCCTTTGAAGCAAARTOTTICACATGATGTATCCTTATATAGTACTTGTAACGG
CCTGCRAGRAGATGTTTGAGACACCRGAGC TRAGTGATAGT TGCAGGTAACTCCCTAATGTAAGT GCTICTTACATCCAATGTC
AAAAGTTCTTTCAGHTTCCCCACTGCCCTTORTAGCTTTGRAAATATTTGTGCTICOAAGACTTACATACCTCAACAGATACAGC
TTGCAAATATCTTTCAAATCTGAATCACTTAACCAGC COCAACCTTCAAGGTCTAACACCCTTAGARGTOTTAGATCAGCCAAL
GCEATAGATATTGGTTICTCCTTGCAGCCTAGGATTGTCARAGAACGTAGATGRGATAAGTTCCTACATGAGAAATCTTGCTCC
TTACCACCACCTACATGGATGGAAAGCCRCCRAATTTTGTCATGCCCTGTTATGCTGTAACTGTAATTCCCTAGGAGT GAGATG
AAGTTTTCTTGRACAGATATGOCACTGATTACTTCCAGCATGATGTCATGAACCCTACAACTCCRGACCTCGCCOCTGCTATCA
ATCCOAATARacactyatagtttasactyaaggegyyaaacgacaatotyateatgayogyagaattaagygagtoacyttaty
accococgoegatyacyogygacaagocgttttacyttityyaactyacagasceycaacyttyaayyagesacteagocaagotty
catgectogacytgactyacggettectatyeytgeteagaaaacggeagttgygeactgractyeceygtyatygtyecacyy
tggetoetyeogocttetttgatatteactotyttytatttcatetottettquegatgaaaggatataacagtetgtyagyaa
atacttggtatttcttetyateagegtitttataagtaatytigaatattgyataaageectytgtytectttytotigggaga

(b)

TITGCTTGTAGATTGATAGATAATTTTACTCCTCATCAGAACTTTGCTITTAGT TGAAAGATTATITACTITCATCTCTCATAT
ATGTTTAGETACTTCATTETTCTTCATRACCTTTGRAGEC CAGRAGCAT BEAT GACTTTGAAGATAGCCTTTCCTGATAATGAT
AAACHGAGTAGAATACTAATTACTACAAGGAATCACCTTOTAGCTCARATTIGCTOCTATTATCCCCATOACTGTATTTACAGC
ATGRGAGRCCCTTACCCAGTRAAGLATCCAGACATTTATTCTTCARBAGAGT G TCAARTTGAACAARTGTCCTTCACAGTACCLA
GATTTGOTGRATATCTCCOATGC CATATTARGAARATOTARTGGCTTGCCTCTAGC CATTOTGAGCATAGRAGGALTBCTAGCT
CGARTGARAARCAAGACATATGCAGRATGRCAGRAGGTTGIGACAGATTGRACTTGEETTAGAGATAAATAATACTGTAGGG
GOAATGAGRRABATACTCTCTCTTGECTACRATGATTTGCCCTACCATCTGRAGGCTTGCTICTTTATCTIAGTGTITITCCC
GAGGATTTTHABATCARAAGRAGACCCTOGATTAGAAGATGOGCAGCAGAGAGTITCATTOGTAGAGTRCOTGEATCAAATTTG
GAAGRAATTGgtagaaattgacgcttagacaacttaataacacattyguggacygtttttastytactyaatteyagetoctgacy
gotteotatyegtyotoagaaaacyggeagttygyeactyeactyoecgytyatyggtyoeacyytyyoctoctyoogoottottty
atattcactoctgttgtatttoatetottettyecgatyaaayyatataacagtotytyaygasatacttggtatttettotyat
cagogtttttataagtaatyttgaatattyggataaggetytytytectttgtettyyyagacaaayoocacagcaggtygtyyt
tggggntygtggeageteagtgacagyagagytittttigoetgttttttttgttgtttttttttttaagtaagytyttotttt
ttottagtagaatttotactygactytatyttttyacayyteagaaacatttettcaaaagaagaacecttttyga

(©
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Figure 4. Secondary PCR products (A) and junction sequences of T-DNA (B: right border; C: left border) for the transgenic GM rice Cr7-1
line flanking region. The genomic DNA was digested with Hincll, ligated to genome walking adapter to create different libraries, and used
as template for PCR. M: 1kb DNA ladder, RB: right boder, LB: left border. Capital letters represents the flanking genomic sequences and
lower case letters show the inner part of each border of T-DNA
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21o] 71 ES vptor & Y ASS0] ZefojHe W DNA oAz 5o]4¢l 14

B AZSIAT} (Table 1), ©] 7F58 ﬂ&i AZFEch Lim 5 (2007)2 Zajo|wo] tjd DNA

Table 10] Lebd Zafojw -2 GM Hof tjgt ofu] PCRAHES  F=E AdolA] 25 ng o]49] sty gt HEsS eeld
SEE = PCRARES AALSHA] ¢h= Zeto] AL F=wl, o= Zeo|no] B4, FALY] o4 %

W HES FHog AWt Aot Yutdog Tatojwo] & amnealing 2= 5 92 29100 o3f who] - F 4= 7] WiE
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= 5~100 uM oA 22 Dejsto] PCRS 4383t 23, 10
Bl &= Qle Zeto]m Ao 7idko] AA =L $lrk (Malhotra UM % o]AloA] malat ZEANEO] PAL Lol Cr7-19)

et al. 1998; James et al. 2003; Lim et al. 2007). AdrE 12 2 A% gt 72 9 AFEo] Zefolmfo] HAS 3t HH AR =2
Eo] malo|njo] tjat A PCRZAS w}ols}x} DNA %,  10~50 uM W7} Agst Z o2 slelE9lc} (Figure 5B). o]o] 2

annealing 2% 4 Zejo|n] L2 o

5ol Zefo|H (TPCry-573'), RBE v
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Lane 1: 0, 2: 1, 3: 10, 4: 25, 5: 50,

6: 100, 7: 200 ng 5:100 /M

(a) (b)

Lane 1: 5, 2: 10, 3: 25, 4: 50,

Lane 1: 55.0, 2: 56.5, 3: 58.0, 4: 59.0, 5: 60.0,
6: 61.0, 7: 62.5, 8: 65.0, 9: 70.0, 10: 75.0 °C

©

Figure 5. Effect of DNA concentration, primer concentration and annealing temperature on event-specific and construct-specific PCR
reaction. (A) Effect of different template DNA concentration (1~200 ng) on PCR, (B) Effect of different prime concentration (5~100 puM)
on PCR, (C) Effect of different annealing temperature (55~75C). M: 100bp DNA ladder. I, II and III represent the specific primer set

for a PCR amplification of leaf folder resistant GM rice
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Figure 6. Confirmation of the specific primer set on the different
GM crops. M: 100bp DNA ladder, B: no template control, N: wild
type nagdongbyeo, lane 1: Cr7-1 event line, lane 2: GM rice, 3: GM
soybean, 4: GM papper, 5: GM pototo, 6: GM chinese cabbage, 7:
GM perilla. These GM crops were developed in korea. I, II and III
represent the specific primer set for the leaf folder resistant GM rice
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Figure 7. PCR amplification of the event-specific and construct-specific primers on the several non-GM rice varieties. M: 100bp DNA ladder,
N: wild type nagdongbyeo, Cr7-1: leaf folder resistant event lines. The 71 varieties of cultivated non-GM rice were shown in material
and methods. I, II and III represent the specific primer set for the leaf folder resistant GM rice
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Figure 8. PCR amplification of the event-specific and construct-
specific primers on the various non-GM crops. M: 100bp DNA
ladder, N: wild type nagdongbyeo, lane 1: Cr7-1 event lines, lane
2: nagdongbyeo, 3: hwayoungbyeo, 4: chinese cabbage, 5: papper,
6: potato, 7: lettuce, 8: soybean, 9: perilla, 10: tomato, 11: musk
melon, 12: pea, 13: pimento, 14: sweet potato. I, Il and III represent
the specific primer set for the leaf folder resistant GM rice
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Figure 9. PCR amplification of the event-specific and construct-specific primers on the various insect-resistant rice lines (A) and generations
of Cr7-1 event line (B). M: 100bp DNA ladder, B: no template control, N: wild type nagdongbyeo, N2: wild type hwayoungbyeo, Cr7-1:
leaf folder resistant event lines, 103 and 127: leaf folder resistant lines of nagdongbyeo, HCr3-8: leaf folder resistant lines of hwayoungbyeo.
T1~T5 indicate the post-generations of Cr7-1 event line. I, II and III represent the specific primer set for the leaf folder resistant GM rice
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