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For the development of qualitative PCR detection method of genetically modified (GM) rice, rice
species-specific gene, OsCc-1 (rice cytochrome ¢ gene), was selected as suitable for use as an endog-
enous gene in rice. The primer pair OsCytC-5'/3' with 111 bp amplicon was used for PCR ampli-
fication of the rice endogenous gene, OsCc-1 and no amplified product was observed from 8
different crops as templates. Qualitative PCR method was carried out with stack traits of LS28x
CrylAcl GM rice developed in Korea. For the qualitative PCRs, some primer pairs were designed
with a construct-specific and event-specific type based on T-DNA and junction sequences of T-DNA
in GM rice. ActCK-5'/3' amplifying between actin promoter and OsCK1 gene introduced in LS28
gave rise to an amplicon 306 bp; also, CrLB-5"/3' from CrylAcl and CKRB-5'/3' amplifying the
junction region of T-DNA and genome sequence from LS28 as event-specific primers gave rise to
an amplicon 142 bp and 91 bp, respectively. These primer pairs for the detection of event-specific
targets not produced PCR amplicons on non-GM rice and various crops in contrast to event lines.
Therefore, in this study we verified that event-specific primers were effective to specifically detect
stack trait lines and demonstrated that this method presented could be provided with the detection-
method data for risk assessment analysis of GM rice to be commercialized.

Key words: event-specific primer, GM rice, qualitative PCR, stack traits

THJames, 2006]. 7152 AEF T &L AZAAGA, A5
A3 5o ¥ A (single traityS 2HE GM 2hHEo] F& A

M

I

#Hz §-AAPHE (genetically modified, GM) 2HE-2] Aislz
M 1994 m|=e] ZHA(Calgene 7} 7Hdet BEA O] St
Enfge] Al o]F, 10d0] Azet A7 HAA GM <]
AuEES 20073 715 19]1,430% FEelZe] D3l 961d
H] 677 SISt EHAEE S A A ¥l (International
Service for the Acquisition of Agribiotech Application, [SAAA)
E By dtiJames, 2007]. FL8E GM EE 2006
71& 200 2 10770 oMIER Z SURSClA S18 AdEel

*Corresponding author
Phone: +82-31-299-1128; Fax: +82-31-299-1122
E-mail: kongsiks@rda.go.kr :

doi:10.3839/jabc.2009.001

iR o, HIole 3 E3) 2-3709) Ho] AFEe) t}
¥zt ol]g AlFslal e FoHHlF(stacked traits) GM 2
Eo] A7t w2A Z7kska AtHAkiyama &, 2005; 2008].
ojZollA] FrhwelE GM ZEL 20073 A S5 63%, A
3} 78%¢l €éte] A GM ZHE9) 37%E AAIBIAL 3eH,
Az Bl YIS &7E SHAA T8 v
ARFEAEA 38 o B2 S7Eee] FHaEs Add A
o2 Ausla Yl [James, 2007], eHete] FEHIE GM
ZHgoll that YA 5 A3 B 2008 3Y TIE

57 FRAHE 28 2 o0 EEO0Z 35%E ARSI
THKBCH, 2008]. ©|$} Zo] 5 714 o)) 54 d2&
gheto ] Al Al o Z3lR] £k HIRRE PSS
A F 7] w7l AAFcR FulwHiE GM ZHES] 7

Sty H 3o of

|

it



2 234 - uEE - oA - oY

L 9E - 9N - e - AN - 0

(LS28)
MAR >{p-Actin |Cholin kinase| Pin Il HP-355] Bar | T-nos | waR
- -

(CrylAc)

E MR >{bes [1p | cytact [piniHfp-ass] ear | T-nos [ mar

-+

g

Fig. 1. Schematic representation of the T-DNA structures of LS28 and CryIAcl rice. Arrows indicate the location of primers designed for the

detection of stack trait.

Je FAATE FHe] A9 o7t B3P FE9
155 A o|t}.,
vetel A SelA g GM HEEA A
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AR, FiwElE GM B(LS28xCrylAcly= OsCKI (cholin
kinase) RS Zh= LS28 GM H(event LS30-32-20-1)E =
202 3 TP GM H(event Cr7-1-9-1)2 FEO
E af(Fig. 13l $EX53 FHAEALT AN At |
2 non-GM H (582} 2ol Orypzae sativa L. Japonica &
o7 B d3d olgaien, S5, F, uiS, AL, 1F,
F, EnE 59 =g U2 o83t

DNA #&. GM H, non-GM H % 789 2= tshy
genomic DNAE F&317] $l8IM EE A5 1g2e HrpApL
o ¥ ARALE spste] BUsIgE & DNeasy Plant Kit
(Quiagen, USA)E ©] &3t FZ3%¥ k. F&3 DNA=
NanoDrop Spectrophotometer ND-1000(NanoDrop Technologies
Inc. Wilmington)s- ©]83kd F=& 24317, 260/280 nm %
o] 1.82.0 Ale]l DNASE A3dl| o]&akTt.

AT WS o] 4 G Ui ¥R =Ykt &
W2 2y B91S $3te] immunostrip 737 (lateral flow strip
test, LFST)S A3t ZF AIRS w)el 5598 wol
WAS F29 F, bar EYRAA] HSiME Trait LL Test
Strip(Strategic Diagnostics Inc. Newark)2:, Cryldc] =3
Zloll tisiA= CrylAb-1Ac ImmunoStrip Test(Agdia, Indiana)
< ol&3t AP} AT WhHel wet LFSTE $-3¥3i%it).

o] Primer 1% R PCR ZA. H| WAFAAR] OsCe-
I(rice cytochrome ¢ gene)[Kemmerer 5, 1991] 42+ 7]
MEE RO E 111bpY PCR TF S A8 F UES
Eo]A2l primer S AZ8IY2H, LS28xCrylAcl GM H
AZY HEE H3lA Ls289) ulsled Actin promoter2}
OsCKI 325 $EAZL & JEE FZ5)(construct-
specific) primer %43 T-DNASF gDNA2] =44 429
9] AHMES HlElo R AEEo](event-specific) primer 4
74z} 306 bpet 91bpe] PCR AHE©] A HEE A2}
TS Cryldcl =UBR0) ek TP AR} Cryldcl 47
Atel8] FE-& % FZ25o] primer &, T-DNAS left
border(LB) ¢18A1E-S Hlo 2 141 bpe] PCR 4HEo] 34 5
E5 AlE5°] primer & A3 THFig. 1, Table 1).
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Table 1. Sequences of primer pairs used in this study

Primer \ ar Amplicon
Source name Sequence (5'-3") Target gene size (bp)
TPCry-5" CTTCGGCAACGTCAGCAAT
CryIACI TPCry-3'* GATGGACCAAAGATACCCCAGA TP/CrylAct 238
rice CrLB-5' TGGATTAGAAGATGGGCAGCA LB franking 142
CrLB-3' CGTCAGGAGCTCGAATTCAGTA region
LSCK-5' CACGCAAGGACACTATCTGCA Cholin kinase 134
LSCK-3' GITTTTCAGTCGGTCCCAAATG
L.S28 ActCK-5' CCCTCAGCATTGTTCATCGGTAGT .
rice ActCK-3' ACCTGGTACACCTCGTTGGICAT Actin/OsCK1 306
CKRB-§' TGACTCCCTTAATTCTCCGCTC RB franking 91
CKRB-3' AAATAGATGGTGAAAGCCTTGGAC region
Ri OsCytC-5' TAGATCTCGGAGGAGCTAAT cytochrome ¢ 1
ce OsCytC-3' CCGTCTCCACATCAAGCAGA (reference)
*This primer pair was already used for PCR detection of leaf folder-resistant GM rice.
718249 PCR ®H&-2 3 A8 F F 25 ul= 3jod, 2.5l >
. . \y
o] 10xPCR buffer(Ampliqon, Copenhagen), 2pL$] dNTP & \«;;\o"’ C’%\ LS28 x CrylAcl

(25mM each, Ampligon), 1.5pLe] 1.5mM  MgCl
(Ampligon), Z}ZF 10 pM@]  forward®} reverse primer, Taq
DNA polymerase= TEMPase Hot Start DNA polymerase
(Ampligon)S 1.25 unit A7F5}k3L, 20ng®] template DNA7} 32
g HEE 2A3Y £33 Th PCR W& Z72 Dyad
Peltier Thermal cycler (Bio-Rad, Hercules)E ©]-83}ed, 95°Ce
A 1587} pre-denaturation S 3I3FAL, 95°ColA 20,
60°Col A 40, 72°ColA 187 lcycle= 38t & 35
cycleE AAIF &, 72°CelM 587 FHEAT. $FE PCR
AL 29, agarose gelll A719FEL UV == RIS
PCR & JHE9] 97149 ¥4, LS28xCrylAcl GM H 7|
2o tigt zizte] B0l primer g o83l SEF PCR
AHEE agarose geldll A71%953kL, Gel Extraction kit(Qiager,
Hilden)S ©|-83t AA§ F, pGEM-T easy vector(Promega,
Medison)ell 413l H71M9S RIS ERIE F7IME
© NCBI BLAST ¥4 §3j4 594 £4& #3s3in.
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Ho FolwHlE GM B)(LS28xCrylAcl)e] ©uid wde &
datzat A7 BAHo] e AlF immunostripg ¢85
lateral flow strip test(LFSTYE 4-333l9th. £ 72| Fowwj
& BA2EY 2 Mol Ue OsCKI FHAE WESH
LS28 GM BIE nE o2 sla s|&2849 CrylAcl GM H
E Broz aujgl7] djiol CrylAb-l1Ac strip o83l ol
vlol 9% B FFE A IR + UL, B3 7EHeR
bar SRS XSO bar strip2 o83k TE WHS
18 4= UATKFig. 2). Fig. 20 YRl Ble} 7o) awlAlE
2 CrylAcl GM #Biol| thdte] Crylde AR &7 deid
WG s BERIT 5 Ao, ol¢h dRHeR HEQ]
LS28 Holl oM ot W= VeRliA] eitch W bar

<« CrylAc
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Fig. 2. Lateral flow strip test on the stack gene rices by using the
bar and the CrylAc¢ immunostrip. Lane Cont., non-transformed
nagdongbyeo; lane LS28, single trait rice transformed with OsCK]
gene; lane CrylAcl, single trait rice transformed with Cryldc! gene;
lane LS28xCrylAcl, stack trait lines combined with LS28 and
CrylAct GM rice.
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814 128 GM ¢} CrylAcl GM H7} FAz o= wul=|9)
2, FAY =dRAAL eFge s wEskal lgol IEE
gloem, Al# bar ¥ CrylAb-1Ac®] immunostrip® 2 GMO
Fe dddo] sHsd Zo® Yelitt,

ZE 9@ FujAIE the 5o primers] ¢l LS28x
CrylAcl GM HIE So|Xo= AFsr] Hsfe] wHl 2 - 72
o] GM ¢ FHFH(Fig. NE wEoE FZEo](construct-
specific) 2 Al'EE0](event-specific) primer & A Z3HATH
(Table 1). 712402 A& primer S50 oiA Bl WAIH
AR OsCe-1 FAAZEE 111bpe] PCR 5F Mg A&
4 ALEE 1o, LS28e] thekd Actin promoter?t OsCKI
AR} Alo)E FEAIA 306bpe] PCR AHEE FASIEE
ZEo] primer 4%, T-DNASH AlEde] =G3AF 4954
ANHMLEE nfEoZ 91bp $F AHES] AFE] primer %
S A zbstact. T3 CrylAcl Holl tdje] 258 bpe] T+2Eo]
primer 3} LB9] QHMEE vl = 141bpe] PCR 2HE0]
FAEEE AFS] primer S At 4 PCR ¥H&2
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Fig. 3. Specificity of the detection primer pairs designed for the
qualitative PCR. Lane M, 100 bp DNA ladder; lane B, non-sample
blank; lane 1 and 2, LS28xCrylAcl rices; lane 3, nagdongbyeo; lane
4, com; lane 5, soybean; lane 6, chines cabbage; lane 7, potato; lane
8, paper; lane 9, lettuce; lane 10, tomato.

FAt. WA, W(Onzae sativa LYS ETS S99 (Zea
mays L.), Z(Glycine max L.), WF(Brassica campestris L.),
22K Solanum  tuberosum L.), T3(Capsicum anmum L), ¥
F(Lactuca scariola L) 2 EVFE(Lycopersicon esculentum
Mill) 5 & &l 2=l tisted 25 o] primer %-& |83
PCR ®h&-9] =) Az}, 3+ 9 ABE5o| primer %4-E(TPCry-
573", ActCK-573; CrLB-573"; CKRB-5/3")2 Zojjauf=ol
LS28xCrylAcl GM ol Slojxigt Eolzlo 2 PCR 55 AHE
< A3k 2oz Jeldth(Fig 3). 34, B WAl
£o]@2l primer #(OsCytC-5/3)% ©]-&3F PCR £4o] o]
A 4F AEES ojudt WHEE Holx] YYOEZ o]E H
E9] primerZ GM HB|2| PCR EXA] t}& AEE3 L&)
A3 AL 7Fsste] AU e AIEE] g FA PCR
A4S 9sle] LS28 2 CrylAcle] ©@dd2a GM HE ¥ k)
A o159 FwlFE, LS28xCrylAcl AIES<) sl PCR
8-S 3% A3 TPCry-573' ¥ CrLB-53/3'= CrylAcl® &
s ASESo] theiA, ActCK-573' 2 CKRB-5/3% LS28
3 SRS ARG sl SelHdl PCR FF S Y
EP A ThFig. 4). =3, OsCKI FA Ao g LSCK-573'
primer %2 LS28 GM Hell ti3l|A] 134bpe] PCR TF AHE
< 343l LS28 GM HZHE 7]ge lsn).

GM zheo] “jistelo] AAAIZ = Auf=a oz, FHel
= 223709 EqAQl 92 HEE F8aAE s
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Fig. 4. Specificity test of the primer pairs designed for the
qualitative PCR of LS28xCryIAcl GM rice. Lane M, 100 bp DNA
ladder; lane B, non-sample blank; lane N, nagdongbyeo negative
control; lane Pl, CrylAcl GM rice; lane P2, LS28 GM rice; lane
LS28xCrylAcl, stack trait lines.

A7 A ZE718kL ATHIames, 2007]. 9, Eilal4
= FrjuelE GM FEL TdFAe AFeH A
o gk &gt A& % A ZES gelslrld off
EA)"o] UrHAkiyama 5, 2005]. GM ZE9] A=
fredgo)] oA A Fre ARV S HeiMe o
HiAEERE obet i) tisiMm ERle] shssliof it 7)
£9] screening, -FRF 5] (gene-specific), T3E-°](construct-
specific) primer 5= ©|-83% PCR E4H9] A% =l
Yafir= HdEe] 7FssRTHMatsuoka 5, 2002; Marmiroli =,
2008], xHjol o] &d EE¥ TU AR FAHSE AT
se¥y SORNEe 448 TRl 2okse, A2
GMO 7% o853 = PCR EAH oz AEA w9
EQHA4 AU DAL A @7INEE o)
goz X8 A5 (event-specific) primer7t -F-88H o] &
Hal Y=dl[Taveriers 5, 2005; Pan &, 2006], 5] primer
o] AZks: fEiME HA B4 Al EUadapE AYE &
A F7IME EAo] da=|ojof gt 7 AlF-2 FAHFA
AR AEAEHY 27] e FHE AYEe] AME
doldt A F7IMEE 2] widel B @7IXEd 7IR1gt
A e i ATE 84 R & A =HA, o
g tigh BE o] &oskAl HYTHLim %, 2007].
g B AfoM e FlaulEe] AR JES LS28x
CrylAcl GM ®je] A vhdS )M 2t Fdo =2 A%
o] JIPMES v AZtE AEEo| primer %H(CrLB-5/3"
CKRB-5/3)% ol&3led A4 PCR 4 F33%l3, $u) o
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Fig. 5. Multiplex PCR products amplified from stack gene GM rice. Lane M, 100 bp DNA ladder; lane N, nagdongbyeo negative control; lane
P1, CrylAcl GM rice; lane P2, L.S28 GM rice; lane LS28xCrylAcl, stack trait lines.

OsCc-1 (Rice endogenous gene)

GG
-«—

CrylAcl GM rice

Genome — « T-DNA

TAGATCTCGGAGGAGCTAATCTGTAGGGCTTATCCTTTCTCTGTGCTGACTGCGG

GGGGATGGGGATCTGGGTGGGGGTTCTCTACGATTCTCTGCTTGATGTGGAGAC

TGGATTAGAAGATGGGCAGCAGAGGGTTTCATTGGTAGAGTGCGTGGATCAAAT
TTGGAAGAAATTGéGTAGAAATTGACGCTTAGACAACTTAATAACACATTGCGGAC

GTTTTTAATGIACTGAATTCGAGCTCCTGACG

LS28 GM rice

TGACTCCCTTAATTCTCCGCTCATGAT CAGATTGTCGTTTCCCGCCTT;CAGTTTAA

ACTATCAGTGAGTCCAAGGCTTTCACCATCTATTT

Genome — <« T-DNA

Fig. 6. Sequencing results of the event-specific PCR Products. OsCc-1 (rice endogenous gene); LB-flanking region of CrylAcl rice; RB-flanking

region of LS28 rice.

WA EE thele] BolHo® Z& B40] 7hsst ZoE
B}, 3 283 HAUS o ol AT HYE A o
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LS28xCrylAcl GM ®]9] ti@ multiplex PCR. 1}jol|A]
e Foh i (LS28xCrylAcl) GMBIE Zfzhe] ©halda
2ZXE A3 F70e TDNA, LS28% CrylAcl 915 %3
sl glema B ARoME A PCR ¥ =H24
o] Holx #HZEol &1¥E FxE°] primer *(TPCry-57/3%
ActCK-5/3"3} Bioll E0]2{¢] primer %H(0sCytC-573)S o83}
o 534 S 38F 0T ISt 4 9= multiplex PCR
3-8 AAIBIATHFig. 5). 2] primer AES shte] &%
Ho® o] PCR W2 33113, 2 A3} 7} primer 42
ZHE o gE 37190 306, 258 E 111 bpell A8 PCR £
2ol FAEo] T EARHAE Bl AEE + UsS &
At GMO A3 Ueixd AA PCR W8-S 33}
st o]de] GMOE B9l ZAE 4 Atk AL &k
32l whdolg}l AZbET), Peano S[2005]2 RRS & ¥
a4l MON8IO, Btl76, Btll 2 GA21S WO Lectindt

Zeing iz WAFAXZ AMEEte] g EgAoA FAld FH
o TR BEEFEAAE SEAZ 4 JE multiplex PCR 2
g A, olE WhHo] £ DNAY oMz ool
PCR ¥Zo] 7Fed A4E dAdx stk 3 FHaole
adhl WAFAAE EEs]A MONSIO, Btll, NK603 =
GA21 GM 2550 3l PCR %% 4ME)| HEX, FAM ¥
TET 59 27] & ¥3EHo| ZXE F UEE E9] primer
€ A &SIl capillary gel electrophoresis(CGEYS £3ll4] PCR
el 2] 3 3 wE 4% 4 = PCR-CGE W
ol Faxlo], 7|7t vl FARE PCR 55 AHEE 334
of me} &3t FEo] 753 multiplex PCR HEWE B
EAcHNada &, 2006). ©|¢} 7Z°] multiplex PCR HH-E 7
olgt o7 fHAE FAl AEY F AUe A& §-835
Wgolegt & 4 Urk WHA o) BEAYoz FulmmlE G
s Agsi WEsle oy, ERHE oF &4
zZke] steto] shdty] wiFol] SamE JE A&e gl
< A% AATEcE f85P o188 F UE A= AEH
o} LS28xCrylAcl A%l A= 7] g Frlle] FAo
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©)Z] primer < /331 multiplex PCR ¥H&-& F

Halni, BAPEAL 2+ LS28xCrylAcl GM ¥9] ZHzhe)
fr FAlY aFHAcR A& 5 ATk EF oligomer
o] Exjol o) HAE 4= Y= PCR dimer MEE FAFK
S o= et

£ 2439] PCR W2 oA AUE 7 Sof primer 9
g PCR 2% 2HEo] X7k dXx|sh=A] &<lshr] #lét
o] PCR 2HEo| tiste] DNA G714 E 42 F8sta,
NCBI blasts S3i4 5U4 1S HASKATHFig. 6). Hol
E0]2¢l primeCsCytC-5/3)ZFE 111bp2] PCR AHE,
CrylAcl ¥¢] Q1HMEL vigto2 3 CrLB-5/3'2%E 141 bp
2 1528 Bl9] AFAMEE ¥Ee 2 3 CKRB-5/3EHE
91bpe] PCR AHEe] G7I1ME B44x Eejo] GM H9|
qu\];:_;r,} .‘_T—_?_:]_}\-]Q_ 71}:_ 42& _‘?J\%ng\l;],

25 FINHE TS rie HLEE uF, Auct F9 A

S F4o7 GM F3FEY 7H“‘°1 gs] o]FofR|aL 3L,
FH2ole Bald, ol=dlEte] Hol 71T o} F=, <
=, 239 5 A AARes o Ayl F43) 7B Ao
[James, 2007; Marmiroli 5, 2008]. +-2Ug= o] Hoko] A
T 7)) xEog M At avA] A 42
Zoz mete]y Qlof, Mx|gkel su/tE 2R GM s
o Aes"E Aoz Aty YrtHKim 5, 2005; 2006]. 3
7}7]) v Ae s NEe EEPEAE zhe T
&o] )\J-cgg]. GM _Q_,~[.E _E 7H\:11-E]o.1 lr_o /%]/\]-/H_,]
AR FUES &7 B o H2 2 At B
Aol AcHAkiyama &, 2005; Jmaes, 2007; Akiyama &, 2008].
FUME Y93 AL =Y F U=E SEYEAPY o
AP BFE = GM B9 e FEiA SR
GM H|(LS28xCrylAc)E 715t GM 2HE9] A4slkE ¢
HH= ol oy,q HAYSA = 2 ordA] Hr1E 2188k
oF 3131, GM FAFEESS] oEFA, H|xF A WE
BUHY, 5 2 7REAEel tigh £ W 5 Y &
B AN =gEAtel gk 8] Aol Bew ¥
AFel 27HT ) B AF3e SA7EA] ljellA] Sl
% GM 2E9| PCR 7% 490l Bud vl gl7] d&e o
o] AR A9}l /idE LS28xCrylAcl GM He| 4§
32 93 A vlEL sl £ T-DNAY Uit 725
o] primer 2 T-DNAZ} A48 AEAEH] 8B 2ub
Aol G7INGE vl O event AlEo] A Bol¥oez A
o] 7Fs¥t AS5e] primer® AlZEte] PCR w55 AAlst
31, LS28xCrylAcl GM W& A&¥ 4 U A4 PCR A
WS ol AlEE0) UH’H o842 =¥ dXH A
Bl AE R AFMEE WA B4k, Eld 471
AEE niEte 2 Bo| primers 3}"4 37| wjel] 2 %7‘%1}
2 g8 AZSH EAE dox WD event AlE o
6“"1 Meld oz 7«1231- 011;1’,_ 7<1—7<40 7]-1].1_ M]:]. u;}a].
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