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Abstract A less simple approach developed for generation
of marker-free transgenic plants is to select transformants
without the use of selective marker genes. Some results
about development of marker-free transgenic plants were
obtained using a non-selective approach in several crops
such as rice, potato and tobacco. However, the study did not
provide evidence on detailed characterization of introduced
gene on genome, a critical step for confirming the stable
integration and transmission of a foreign gene. In this study,
we evaluated structure and integration sites of transgene
(mCrylAc) in the transgenic Bt rice plants which were made
via conventional Agrobacterium-mediated transformation
by non-selective method. Structure and integration sites of
transgene in these transgenic plants had similar fashion as
those recovered under selection.
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Fig. 1 Schematic diagram of the T-DNA region of the vector pPRDA-RTB (A), and T-DNA conformations of transgenic rice RTB5

(B) and RTBI11 (C) by non-selective transformation method
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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
LBl CGGCTATTGGTAATAGGACACTGG LB reei
region
LB2 CAACCCTCAACTGAAACGGGCCGGA £
RBI1 CTGATACCAGACGTTGCCCGCATAA .
RB region
RB2 TCGTTAAAACTGCCTGGCACAG
11TDNA-F CGGATGCGTTGATAATGCTAGGATGTGT

Flanking region

11TDNA-R GGGAGTATGTAGTATCCTGGAGTCCAGATGGAT of RTB-11 rice
5TDNA-F CCCAGAGGATAACTTCTTCATCTGAATCATTCC Flanking region
5TDNA-R TGGACAGAAACCTAGCTATTCCCTGCAAATT of RTB-5 rice
9TDNA-L GGTCGTTTTCGTTGGGACGAAGACGAA Flanking region
9TDNA-R CCATGATCTGTTGCTGTAGTTTAGCTGATGCT of RTB-9 rice
Cry-F1 CGACATCTCCTTGTCCTTGACACAGTTTCT

Cry-R1 AGTCATAGTTCGGGAAGAGAGCCACAATGT merylde

City, CA, USA)Z F7|A 4 A3t 45 G714 <
A H = RAP-DBQ] BLASTn =& 13 A]X|(http://rapdb.dna.
affrc.go.jp/tools/blast/)2} NCBI2] Blast 3 & 713 (http://blast.
ncbi.nlm.nih.gov/) & ©]-&3to] B A5t

EQIRHEKS PE &I

FAHEH RTB-11, 5,9 AF9 =YFAA A AA A
£ o|-&3sto] LB} RB £-91¢} Q1% W Als d71A
o E0]%}9l primerE A|2}3}l(Table 1), =9G4 A}F &
o7} PR ZEo] ofa) A=/ AHEEE w927
£ 8k mCrylde Ak Eo]#Ql Cry-F1 ®+= Cry-R1
primer®} Long PCR Enzyme Mix (Fermentas, Germany) A| &
% 14591 4% Airdel el POR W4E Aoty
t}h PCR ZZALEL 1% agarose gelof| A7| 9% dfo] &+
015} 1, pGEM-T easy vector (Promega, Madison, W1, USA)
2} ligation}o] E. coli strain DH5a competent cell©f| heat shock
o ol YAME shich PR A Bol AHH W7t
el #529] Adhe X-gal, IPTG7} 33+ LB (Luria broth)

] o] A] white colonyS AW3}lil DNAES %3}

1 Hdo R o ofl

Qlstoirh. 2% DNA Zetav=i
forward@} reverse primerg ©]-8-3}o] O 4
w48, 24 E F71ME ARE ol85t primerEs
AgHgstel eAH o R 47149 B0 o] k9t
71-49 AR+ Clustal Omega = 2 713H(EMBL-EBI, http'//www
ebi.ac.uk)Z} NCBI] Blast ZZ 2 132 AF8-51o] &2 A%
AEjo) o7 et R 8 we) §HIA FEE 2

Aot

oztz o M13
Ve 47144

83to] 4750 Bt (Cryide)

=
TR E =27
RS FAde /\]ZJ B7F 53 E et ol A A= 9l

o}, ol L=ute| 25 o83k F At W (dgrobacterium-
mediated transformation method) ©. 2 7Jers A9 2 A
o ASE At A of wet 2 A Aeholl A Crylde
S AR HES o]&3t PCR 43} immuno-strip 74
o]-&3}o] XuFE] ¢l a1, southern blot¥} RT-PCR £ 4 =9
W o 2 T AR A U4 (copy number)Q}F = -F-A R}
Ol mCryldc?] ¢4z & o] slolxn} 9 E]—(Kweon et al.
2012). $2]= RTB&t 2 W= 44 %2 FJAAS o tf
3t A &3 T-DNA =92 S 3Hels}y| -,—]oH zole 4z}
AHA7I NG B4E Sashela, RTBS ATS Aole
RTB-5, RTB-9, RTB-11 AZEo| A Z=A-SHARF2] ALl X

£ AT 4= UG TuAlT 2l RTB-5 A& RTB-11 7|
%—4 T-DNA 9]¢l A3}, RTB-5 Aol SH 22
52 9] hypothetical conserved gene (0s05t0569000)2 T4
= intron F-9J0]|, RTB-11 A% 9H I 2 2 =9] intergenic
ool =AFAA7E AR = A e(Table 2). o] =gt 23

= oet of 325 JYskE 91tk A/ B7E A= & RTB-S
AES 283517 Y= ¥ 050510569000 8-A x}2] vF
Ho R &2l 9 75 ot At 2ad Ao Azt
Hrt T, Al 28 RTBY AlF WO =FAA =
Rap-DB EA 0 =& 6 I ZHZ9] 0s06t02599012] exon
oo ArelE 7o & sholE ot B 050610259901 -7
A= non-protein coding transcript® LA A ¢l W /7] 5o
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Table 2 Analysis of integration sites of T-DNA insertions in non-selective marker free Bt rice

Lines  Copy number Number of Chr. Insertion position (Gene) Vector backbone integration Plant generation
RTB-5 1 Chr. 05 Intron (Os05t0569000) No T4
RTB-11 2 (1 locus) Chr. 09 Intergenic No T4
RTB-8 1 - - Yes (Both borders) T2
RTB-9 1 Chr. 06 Exon (0s06t0259901) No T2

diafiA= L= zdnr glol ¥ AlsuiolA o] F2o] LA
2 transcription | &=A] o B & & Fols] B HQav) 9l

Aow FE
RTB-8 AZo)| A= T-DNA ] left border (LB)2} right border

(RB) FE FE EJE LA 3= backbone DNAZ} 500
o] AdAE o Q= AL &olg 4= QIlth RTB-8 A
Az A &

Eoﬂﬁﬂ Zol %—zr/\ﬂi—J DNA9|| =3t
I Q3 backbone DNA A% A AEA 9 AL GM
0] P H7HE Aol & A H Sy o A= backbone
DNA 4tQje = s HAE 4= o= Sl fE g2l
5t7] of 29l dntA o g wiA Ak, of1RubH e
o]_QLzﬂ— 037\1x1§]__1,};<40ﬂ/\1 om]-x—l oz I:H—J\HE]L L’b"g
2 YgAAS AEA = 20-70%H =2 HEz A5
(Martineau et al. 1994; Kononov et al. 1997), £3] F-A4F &
2 H3LS o] 83t 71A}of| A= backbone DNA 4}¢]o]
60% (607HAI/AA 997H Aol ol AL = HILguE gl
Th(De Vetten et al. 2003).

A

B AsH SARERS 71X 24

FAY A T A RTB-5 AlE3 RTB-11 Al 52
YRR F2E B Al = FEof W A
e ZF3H T-DNAC] A o] dist 9714 Fd BAS
Ak EAstlh d71AE £4 23 RTB-S A5

LB

273k 1 copy®] T-DNA T=¢jo] 2HQl¥ ¥ RTB-11 7
E2 ) copy?] T-DNA7} RBE ZA4 0% RB-RB # <]
A3} (head-to-head fusion)S 3}l Q= Ao 7 EQlw )
(Fig. 1). RTB-11 #| &3} 7ro] %2 T-DNA7} 3 Z= Q= o]
(one locus)ofl == TAFS ofHo] HxE FA4 F
AHBAEAS] EUFAA EAAAAAE is] o
ME= Ao W gloun, =2 RB-RB, RB-LB &
gl o] =¢]o] Wo] WAE 7 QI th(Krizkova & Hrouda 1998,
De Buck et al. 1999; Kumar & Fladung 2000).
FAAGANAH O ZE Wo| WAE = T-DNA border F&
o] A7IAE ZA(deletion)/4r Y (insertion) AL EA5H
A1} border O] H7IAH AHLE AFntet FEo] Aol
L QA BAE 3AF mEolA BelE Tk FAE o
&+ RTB-5 AlF A= LB H9] 23 bp T-DNA A4 0]
S QAL RTB-11 AFoA= S-E F T-DNA Afo]
O] LBHE-Eo| Al 18 bp®] T-DNA ZAA 3} stu}o] H7[AH
T2 ¥ (G—A), 123 F WA T-DNACS| RB F&of
A% T-DNAZ} 7 bp AA o] 1= ¢lch &L} RTB-9 7|
&< LBEEoll= 6bpS] LB A o] Holdle A= &
0%l 11 RB H-9]o] dA7|A gL gel=]x] aFoFA|ut border
e o9 TDNAS] A4S
(F1g 2). T-DNA 4710 A ¢

A7 D A H /A
g a2 o *‘“Zﬂ‘)ﬂ/ﬂ wAERen Q714 Le] 2
A2 RB FZETh= LB FEoA W Zos HiH

T-DNA
RB

pRDA-RTB Wc&um......mcgcc 'IG.—XC.—\GG.—\]’.—\]’.—\]’]’GGCGGGI_JL-&-&C
Cleavage site Cleavage site

RTB-5

RTB-9

S e AR\ CAAATTG.....CACAACC i I

CACAACC |IG-_-‘|. I

Fig. 2 Comparison of T-DNA borders and nearby regions in transgenic rice RTB-5, 9, and 11 lines. Sequence of T-DNA borders
and nearby regions in the binary vector is shown on top for comparison, and LB and RB regions are presented in black and white
box, respectively. The asterisk indicates the site of single nucleotide mutation from G to A
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RTB-5: Chr. 5 genomic DNA

CAGGTGATCAACTGCTGGGCCTCTGTGTCCAATGACACTGAATTITICAGGTTGTGCACATTAACA Wild qype
CAGGTGATCAATT e e e e

AATTTTCAGGTTIGTGCACATTAACA RIB-S

RTB-11: Chr. 9 genomic DNA

TICTTCCTCTTIGTGCTTGTTGT. e

TICTTCCTCTTGTGCTTIGTTGTGGTTGCACAACATCATCTTICTIGTTIGTTGC GG
CAACATCATCTTICTTGTTGTIGC GG

Wild type
RIB-11

RTB-9 : Chr. 6 genomic DNA

AACAGATCATGGEC GAGAGCATCACAGTITCAGCATATACATTACACAGCAGTATAACATGTC

AACAGATCATGGC GAGAGCA e CACATTACACAGC AGTATAACATGTC

Wild type
RIBS

Fig. 3 Nucleotide sequence comparison between the wild type rice (Oryza sativa cv. Ilmi) and transgenic rice in the T-DNA inserted
region. The deleted nucleotide sequences of T-DNA inserted region on transgenic rice are shown as bold letters

Hl 91t Gheysen et al. 1991; Mayerhofer et al. 1991; Nacry
et al. 1998).
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