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Abstract  Four transgenic rice lines harboring insect-resistant
gene cry3A showed ideal field performances characterized
by high considerable resistance to rice water weevil (Lis-
sorhoptrus oryzophilus Kuschel). In this study, we estimated
the insertion number of foreign genes, and analyzed the
flanking sequences of T-DNAS in rice genome. As a result,
T-DNA of BT12R1 line was inserted in exon region of rice
chromosome 10. Two copies of T-DNAs were inserted in
line BT12R2. BT12R3 line was analyzed at only left border
flanking sequence. BT12R4 line was confirmed one copy of
foreign gene insertion at the position 24,516,607 ~ 24,516,636
of rice chromosome 5, accompanied by a deletion of 30 bp
known genomic sequences. This intergenic position was
confirmed none of expressed gene and any deletion/addition
of T-DNA sequence. In conclusion, these molecular data of
rice water weevil resistant Bt rice would be used to conduct
the biosafety and environment risk assessment for GM crop
commercialization.
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W E-H} L u](Lissorhoptrus oryzophilus Kuschel)= T4 H g
= oh7u] gof] £3He ve] o Ty MO b
Aufe] A2l W& FiL Q= AA ol BlEHA
vl 0| SR AAEE 18 Foldort 18s0dr
o] Ao A B %o T tjEE 9 TL(Webb 1914), 19591
7 Ao zyoto| A WA F AAARZ def FAES
Ch(Lange and Grigarick 1959). oFA|o} 8912 19760 &
2] ofo] @A HAH o] 104 ko] A A
© & 3hAkE| Qi th(Japan Plant Protection Association 1986). -2
Uehe 1988 e shsoll Al Ae A E 9l o (Uhm et al.
1989), o]} v]==3t Al ol F=oll F- = o] ofAlof A
o2 SHAFE QI tHZhai et al. 1997). B EHk0] HS52 W
A°) 488 Folelo] ofdl o] Wa| F1, §EHL B
22 o Esto] Welo] YHRHS shsfstel 2Rt w
o gk, ARAA S T B 23] 20% o] AL
ATl g8 A Qlth(Shang et al. 2004; zou et al.
2004; Saito et al. 2005).
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2009; Stout et al. 2011), ZLol= A=Al HAE Y
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AJaL it

Bacillus thuringiensis w52 5-¥
A & 5o S-S 7HA

eJ5t enlll AR
Slo] EgHOR o

RoHr



128

J Plant Biotechnol (2014) 41:127-133

Al S A T 4 okl G A o (Hoefte
and Whiteley 1989; Krieg et al. 1989), crylll A RS o] &
3 FAAEOZE EulE(Rhim et al. 1995), 7r=(Rhim et
al. 2004), 7+ A}(Jouzani et al. 2008), 3151} (Gonza'lez et al.
2008), ©2=2~(Hibbard et al. 2010) 9] A7} RIHY
T, ES oyid GARE BT G dastel Ay
W EAAE AT A T ol oie A4l 3l
%) ¢1th(Zhou et al. 2012; Tohidfar et al. 2013).

2 S s gyt = ep3d AR FAAE B
£ SA4s5k9en, GMO =27 Y &4 A& &3l H
EHbtale] gk WEdS ghelstth(Lee et al. 2013).
ole} Zro] Y FHAE =Ysto] FAHLEH GMAE
= 4d3str] Y= g GMAE] gt 9l B
7F o] A Eojof stn, o]F A= Y A=
BAAEA 4 SRI0E £ RARY T2 Y &
9177} FHEolof gtk 22 AT A EYHAANE
5ksk= 2 Fofl LBU RB Q1559 2] -HEA] backbone
$4% AR B AA $AA7 T A EA 9| eDNA]
EE = A E B o]Fa1 Q)th(Kononov et al. 1997; Kim
et al. 2003; Kim and Lee 2007). o]2]gt 739 A=A 2] genomic
DNAo| /Ao A7 A Hol A== H&-E 20~50%
Aoy A= 75%7HA] = YEFdTHDe Buck et al. 2000,
Kuraya et al. 2004). =3} border @] AAgFEo] AAE 7L}
A bordero] H71AE Qo =¥ T-DNAS dRE®
AohElo] AAEE ALx H 1 E 9 th(Stahl et al 2002;
Kim et al 2003; Kuraya et al 2004).

webA, 2 At A= BEue WA g
4 A5 T-DNA =9 9IA & gelsta, o] AEd4
W7 By 9-4=3%F BTI2R4 A1 59] AW =9 ¢
Ae] 2 E AT

BamHI

Xhol
— EcoRV
Notl

of BlEnkn A HE AdAER ARl of
ZA 2= FAAZ 2 EQ Y5 (Oryza sativa cv. Nagdong)
£ 2853 thLee et al. 2013). FAHL B 2F B H
t] Eo]32 2 1 E|(RcG2)2} nopaline synthase terminator (Tnos)E
A4g3tol EREE} BRUAE AFH SHA i
2 4 MHEES TDNAS 74T A2 418 vl
BTI2Ro| AFR-E| Q] S W(Fig. 1), Agrobacterium strain LBA4404
£ 0|83t Agrobacterium-mj 7| FAHE FHOZE A2
Sl th(Hiei at al. 1994). A¥ul7 = bar FAAE A3
6 o Southern, northern, western blot 242 4=3)3}o] o]
FAAZE 1 AL A E A B Eakte|o] YWEAde 2ol
445 FAAAHE Adsto] AFAG A A
ga9lct.

TREA ZR(A| =0

P A%gE H ol A] total DNA S| 552 Qiagen AF9] DNeasy
Plant mini Kit (USA)S o] &3} o, A& A ol| A AZ3}
+ APAR O et A& #askity 55 total DNA
+= NanoDrop Spectrophotometer ND-1000 (NanoDrop Technologies
Inc. Wilmington, DE, USA)E ©]&3}o] =& 45},
260/280 nm Z}o| 1.8-2.0 Aol DNA-E L A3lof o] &
stoith. BAAS vl QAL 4191 Tele
Bugert et al. (2001)©] X 3113F PCR-walking H-S 7l =5}
of Abgstitt. Ag ol A8 primeri= Table 1] LEf
AL A A AR o33 2} 500 ng®) total DNA
= 2 U9 Hincll, Haelll A3taAE o] 835} Z-7F DNA
E dA-TE A 7] F 5 UL T4 DNA ligase (Takara, Japan)
T} 50 pmol2] adaptor DNAS & 7}3}o] 37°Col| Al 1A] 7} wh
SAA YRR AA FelE 9F PCR 3 A=
S % A9 PCRE Salshgith. Q3 PR %] 20
ul pre-mixture BH-3-E <tof 0.5 pmol9] Adalx} LBl E=
RBI primerE % 7}s}o] PTC-200 thermal cycler (MJ Research,
Waltham, MA, USA)E o] @3Fe] uF-SA|Z T} 22} PCR
HhS 27 95°Co A SE7F A A 2fdk 5, 94°Cof A 30
Z, 67°COol A 14, 72°Coll A 187bs 71257 & 8t &
203] WHE REESEAL 72°Col A 1027 2 F FEAIZ
0]2} PCRE YU} PCR A E S ulS FFO

Pstl
EcoRY
EcoRI

cry3A

Tpinll

Fig. 1 Schematic diagram of the T-DNA region of the vector BT12R. PMC12: modified rice Rcg2 promoter; cry34: cry3A toxin
gene ; Tpinll: proteinase inhibitor II terminator; P35S: CaMV 35S promoter; Bar: phosphinothricin acetyltransferase gene; Tnos:
nopaline synthase terminator; MAR: matrix attachment region; LB and RB: T-DNA left and right borders, respectively
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Table 1 Sequences of primers used in this study

Primer name Sequence (5'-3")

Specific gene

Adal GCGTAATACGACTCACTATAGCAATTAACC Ad
aptor
Ada2 GACTCACTATAGCAATTAAC i
LB1 CGGCTATTGGTAATAGGACACTGG LB reai
region

LB2 CAACCCTCAACTGAAACGGGCCGGA £
RBI1 CTGATACCAGACGTTGCCCGCATAA .

RB region
RB2 TCGTTAAAACTGCCTGGCACAG
LBR-F CGTCCGCAATGTGTTATTAAG . .

Genomic DNA sequence with the LB border
LBR-R GGCAGTACTAGAAGTACTAGT
RBL-F GAATAGTCAGTCTGGAAGCA

Genomic DNA sequence with the RB border
RBL-R CCCGCGTCATCGGCGGGGG
MAR-F CTGACGGCTTCCTATGCGTGC

Matrix attachment region
MAR-R GGCAGCGTGTGGGAACACGAC
35SBN-F GATTAGCCTTTTCAATTTCAG 35 b d .
35SBN-R GTGGAGCTCGGTACCGGGCCC S promuoter, bar gene and nos terminator

9} LB2 = RB2 primerES AF&3}o] 94°Cof|A 587 A

A2l gk 3 94°Cof A 30%, 60°ColA] 30% 72°C°1W 15
7Fe u S 72°Co) A

SV 2 AA 403 HEE BESA) 7] &

10327} 55 ZE500] AR ZBE PR HHSAE
2 1% agarose gelo] 27 %9% 3to] &¢l5}al, ZE 5 DNA
Hl == HiYield™ Gel/PCR DNA Extraction Kit (RBC BioScience,
3Fo] AA|5F9G om LB2 = RB2 primer
£ 0] 83}o] ABI3730XL DNA -4 7|(Applied Biosystems,
FosterCity, CA, USA)Z @74 <¥ EA314ch E45 4
714X € AR = RAP-DBS] BLASTn 213 AX] (http:/
rapdb.dna.affrc.go.jp/tools/blast/)2} NCBI®] Blast Z 2 13
(http://blast.ncbi.nlm.nih.gov/) & ©|-&3}o] E A3}t

Taiwan)& o|-&

EQIREKS TE 2ol

FAAS B A B0 w9} A9l Aot welE
T-DNA®2| §7] X Q& vFeF S = primer (Table 1)E A|2}3}
o HEHty]

&4 1 BT12R4 A =9 genomic DNAE

s}5ich. LBS} RB 2919} 1t i 7|
= d7]- 9o Eo]&Ql primer LBR-RZ} RBL-FZ A2
a}31, T-DNAS 43k LB} RB @7] A o] So] gl
primer LBR-F2} RBL-RE Long PCR Enzyme Mix (Fermentas,
Germany) A& ©]-§sto] A7 v Lol whef PCR ¥h5-
2 ZAgYst 4t 3 MAR (Matrix attachment region)2] <

71 A ol Eo]A ¢l primer (MAR-F 12|37 MAR-R)9} 35S
Z2WH, Bar 944 183 NOS Hu|yo]g & &
8}5l= primer (35SBN-F 12|11 35SBN-R)E ©|&3}o] 5
A PHOo 2 PCRE 353tk PCR T34 1%
agarose gelo] A7) % dlo] 215}9] 1L, pGEM-T easy vector

(Promega, Madison, WI, USA)®} ligationd}o] E. coli strain
DH5a competent cello] heat shocke Fo] FAZAE 314
t}. PCR A Eo] Arelg wlE 7} 23te F320] Ao
X-gal, IPTG7} 3 38+% LB (Luria broth) 12| ]} X] o] 4] white
colonyS A5l DNAE F&31o] Qs =549
DNA ZetAn| = U240 2 MI3 forward®} reverse primer
£ o] &sto] oF WEF dVIAES AL, 4 4E
7|8 HEE o]85to] primers A FATL F wAA L
2 A7 E BA ol &ttt A7IAE A= Clustal
Omega X = 13 (EMBL-EBI, http://www.ebi.ac.uk)Z} NCBI
9] Blast T2 23S AFL35lo] A A3 WE BTI2RQ
Q71 Ate) vlw 9 w9 fARe] TrE A

?Eiﬂ} ol T=k

SRR QURIA 2ol

o1 Eut g5 o] & )
mediated transformation method) 2
1 A%S FYSAUSUe] KAFAL. FAAR v A
e At Aol whet 2k SAE Aol A cry3d F-A
Fia 08 PCR 45 o]83Fo] A1l Southern
blot, RT-PCR 18] 17 Western blot 24 S9] Wfo g2 &
PHA2 A 4=(copy number) @} = QAR cry349
QP A WhE & &5l th(Lee et al. 2013).

A 3135t T-DNA =AY A& &olslr] €514 BTI2RE
W E 44 E(BTI2R1, BTI2R2, BTI2R3 12|31 BTI12R4)
o mBuian] Wiy PR wol e £YFAR

oF A XS W (4grobacterium-

W] 3

r
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AFF7ING BAL 535tk o] PCRS =33 2

3} BTI2R1 A§-2 LB} RB2] Z+7t &t 74 <] ®i=, BTI2R2
A% LB W £ 7jo] Wi=, BTI2R3 452 RB 2]
3 7jo] WlT2 ooj o upx|uto & BTI2R4 o] A]

oft ¢
6‘5

i

(LB border )

(Blgp M N1 2 3

(RB border )

Transformed Genomic DNA

Digestion gDNA with restriction enzyme
Ligation digested gDINA with adaptor

VIR

B

PCR AmplificationI
(using RB1 and Al primers)

PCR AmplificationII
(using RB2 and A2 primers)

Tsolation PCR IT Products
And Sequencing using RB2

Fig. 2 2 PCR amplification products of junction regions
between T-DNA and rice genomic DNA. (A) M, 100bp DNA
ladder; NC, wild-type control; lane 1-4, left border sequence of
BTI2R1 (Hincll), BT12R2 (Hincll), BT12R2 (Haelll), BT12R4
(Hincll). (B) M, 100bp DNA ladder; NC, wild-type control;
lane 1-3, right border sequence of BT12R1 (Hincll), BT12R3
(Hincll), BT12R4 (Haelll). (C) Flanking T-DNA Sequencing
method consists of three main steps: (i) Digestion of the
genomic DNA, (ii) Ligation of an adaptor, (iii) PCR amplification
between two primers specific for the T-DNA and the adaptor,
respectively

L LB9} RB W0 g 717} 3t /Mo WiEE oS 2 g
%AthFig. 2). PCR W02 Qe 7h7he] ZHAkEof fdh
BARE sl B RANS HUSAG Bt

gtk BT12R1 AE-& 10 & A 9] Serine/threonine protein
kinase-related domain containing protein (Os10t0342300)2
48k exon F9jof o O] =YRFAATE A EH AL,
BTI2R2 #5261 &M A 2] Lipase2C GDSL domain containing
protein (0s06t0531900)2] 2.6 kb upstreami} 9=H AW 2] 9
Similar to PSMD2 subunit (0s09t0326800)2] exon 590 2zt
2t = Y] =dFAAE AR o YleS gelskith
BTI2R3 A5 RB border ®aF2] A7 A ERE dojon,
3 GAA 9 Similar to CEL6=CELLULASE 6 (0s03t0736300)
9] 0.078 kb upstream £-9]9] intergenic F¢Jof =¢J-8H R}
7h A= gick. hX B0 2 BTIR AL 5 A4A Y
Hypothetical conserved gene (0s05t0497500)2] 2.7 kb upstream
9] intergenic F-9Jofl AFJE o] SlE& 2HQlst 3 th(Table
D). o)Al uhgul 7] 24 Aol q A2 943 BTI2R4
A Eo] © AHE O Z intergenic HE9Jol A% & o (Fig. 3)
EQRAd T2 e 9% ARE AEsteth

B A U EURERe 35
CENESR B
w8 alshs] 9o el
T-DNA9] 7} 9]0} o3t
=% T-DNAS| LB ¢]%9] 851 bp 7
RB 9| 5-2] 7] A <F 944 bp Z7]9] H7| 4

3 v BTI2R4 A 59 =QgHA T
2ol o QY A9S EFY

W/1AY B4L AAl

___
e

050520497500 Hypothetical protein

24516607-24516636
BT12R4

CTCGCCGTCCGCTTCAGTTCTCTCCCTCGC (30bp)

050520497625 Hypothetical protein

Oryza sativa chromosome 5 : 30,039,014bp

Fig. 3 Position of the T-DNA flanking sequence amplified from
BT12R4 transgenic rice plant. T-DNA integrated between 24516608
~ 24516637 bp of the rice chromosome 5 and 30 bp known
genomic sequences were deleted

Table 2 Analysis of integration sites of T-DNA insertions in BT12R transgenic rice lines

Lines Copy #  Number of Chr. Insertion position(Gene) Vector backbone integration Plant generation
BTI2R1 1 Chr. 10 Exon (Os10t0342300) - T4
T T e - :
BT12R3 1 Chr. 3 Intergenic - T4
BT12R4 1 Chr. 5 Intergenic NO T4
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11, NCBI BLASTZ AM3 ZAi} &43 by A9
T-DNA7Z} 9] = ¢low, Hiof T-DNAQ| &= ¢} 9] ] of A]
o] u] genomic DNAS] A 5H 24516607-24516636 <
2] 30 bp 2719 -2 wH o W DNAZF AAH

A
Selstothig 4). o8 ATl AL B FHAE Lt

3l= 34 Zof LBY RB ¢4 3-9] 9] -¢-4HA4| backbone &
A AR Es AA FAA7E @A A=A41¢] F DNA
EEE A E 2ojF 3 9l=|(Kim et al. 2003; Kuraya

et al. 2004; Kim and Lee 2007), o] &gt GMZIE 9] oHA A

B7ME 5o = AAsE 34 o A= backbone DNA At
Aoz olal WA 4 sl 34 ol g SHela] of
29 dubA oz iA=L ot & A= A
slaty o 2 wo] WAL= T-DNA |5 9] backbone & 7]
A g9 4tQl(insertion) o F-E 2H1gt A} border £J+-2

H7IA B A Hol#] okttt ESH viEnbtu]
A BAAEA ] =YgH o] = T-DNA 72 MAR
(Matrix attachment region)} Bar -3-A A} 7| E Q] H7] A
g8 BASH A3, 923 bp 7)o g7 A LEo] MAR F ¢
of 4714 ‘éﬂr 99% 2] 5/dE HAoH, 856 bp =719
714 E E2F 35S R RE/Bar {74 Nos B H|U|o]E
A} 99% ) 4L shelatikFig. 5). 919 24
478 Fo) wBukpu] 34 BTIRS AFL £
AT SRR O 2 ¥ Q] A intergenic 591
A AL, border YR 714 Ao ggte
™, W E] backboneo] EFIEA] FFSS FQl o}oﬂr/} O]

WMXAE = =
A W Euptn) o] AHE7 A AT (Lee et al. 2013)QF 2 o

A8 FoH4 BTIRS AFo] 35 AFA GMue] 4
$315 93 A27t B 4 90w nustat

A
gDNA gDNA
— Lo Yowe] e HrmrH s el
BR

RBL

LB
>
LBR

sequence ID: refiNC

Range 1: 24515665 t§ 24516606 fene

Oryza sativa Japonica Group DNA. chromosome 5, complete sequence, cultivar: Nipponbare
008398 2| Length: 30039014 Number of Matches: 7

RBL

Sequence ID: refiNC

24516637 fo 24517487

Expect
1572 bits(851) 0.0

Oryza sativa Japonlca Group DNA, chromosome 5. comp\ete sequence, cultivar: Nipponbare
2| Length: 30039014 Number of Matches: 1

LBR

Fig. 4 Diagram of T-DNA BTI12R binary vector and primer position for the indicated vector backbone insertion (A). NCBI Blast
result of T-DNA franking sequences and alignment with Oryza sativa genome (B)

& gDNA gDNA
— o Howen] e HrmnH s ol
BR LB

<>
MAR

P35s/Bar/Tnos

Range 1: 86 to 1004 Graphic
Score
1679 bits(909)

MAR

Range 1: 94 to 949 Graphics

Identities
/856(59%)

Score
1568 bits(849)

Expect
0.0

854,

Strand
Plus/Plus

Gaps
2/856(0%)

P35s/Bar/Tnos

Fig. 5 Diagram of T-DNA BTI12R binary vector and primer position for the indicated T-DNA inserted in transgenic rice (A).
Nucleotide sequence comparison between the BT12R bianary vector and T-DNA inserted in transgenic rice (B)
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)

Bacillus thuringiensis w258 B3t crp3d FHAR=
GAHY S 5ol dS5AdS 7HAAL oA aedos
SRS s WA & 4 Aok deA Qioh =9
"Loﬁ’—}ﬂﬂoﬂfﬁi crp3d AR FAASHE S48

T, GMO 2% HEHHY ATE Fol HEuTvo BT
242 BT & ATANE SBT3
W4 A S YR A SYE BABETE P
o2 AL FAA =Y AR Fok =UHAY
97149 59 B4 ANRE At BTIRI AT

HAA 109 9] exon F9lof] =AFHAT G AFEOE
A E 9o, BTI2R2 A& F 71 AFE o2 49 5]
3L, BTI2R3 A& LB ¢+ 7| A dvt &I =[St
BTI2R4 #A5-9] 7% T AREY] ZQF-HA7F A A
5 9] 24,516,607 ~ 24,516,636 =] o] 30712 GAA 7|
Aol 2AE JHE A=A o] =YL= # Y
WA §AA7F dE sl A b intergenic F9 2 THE E| Q)
O‘:q TYFAR o] 99 WY 7| go] AYEA &

= sttt olyg BEnkatu| WS/d B BTI2R4
7&1]%01] gt EAYESHA 24 Adabs AT GM A&

£319] 27 el 2 HHA ool Wi T 2A R

At AL

2 d3E 52N FE5ATEY sdHerEd
LN EFALQ (ZHA H 50 PI00863404)2] R o] o5 42a) =]
Asyrh
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