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ABSTRACT This study was conducted to develop herbicide-resistance domestic maize plants by introducing
the CP4 5-enol-pyruvylshikimate-3-phosphate synthase (CP4 EPSPS) gene using Agrobacterium tumefaciens-
mediated immature embryo transformation. Immature embryos of five genotypes (HW1, KL103, HW3, HW4,
HW7) were co-cultivated with strains Agrobacteriurm tumefaciens (strain C58C1) containing the binary vector
(pCAMBIA2300) carrying Ubiquitin promoter-CP4 EPSPS gene and Cauliflower mosaic virus 35S (CaMV35S)
promoter-nptll gene conferring resistance to paromomycin as a selective agent. The presence and expression
of CP4 EPSPS transgene were confirmed by PCR, RT-PCR and Northern blot analysis, respectively. Also, the
resistance to glyphosate in the transgenic maize (T;) was analyzed by shikimate accumulation assay. The
frequency (%) of paromomycin-resistance callus was 0.37, 0.03, 2.20, 2.37, and 0.81% in pure lines HW1,
KL103, HW3, HW4 and HW7, respectively. EPSP transgene sequences were amplified in putative transgenic
plants that regenerated from paromomycin-resistance calli of two inbred lines (HW3, HW4). Of them, RT-PCR
and Northern blot analyses revealed that the transgene was only expressed in two transgenic events (M266,
M104) of HW4 inbred line, and a mild glyphosate resistance of transgenic event (M266) was confirmed by
the lower shikimate accumulation in leaf segments. These results demonstrate that transgenic maize with
herbicide-resistance traits in Korean genotype can be genetically obtained.
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Figure 1. Plant transformation vector (pCAMBIA2300) showing
restriction sites. T-DNA region of pCAMBIA2300 (RB-Right
border, Ubi promoter-CP4 EPSPS).
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(Jefferson et al. 1987). 50 mg/L kanamycin®] &7} LBH A
HJ 2] 50 mlo}| colonyS AE5to] 28°C 2 847+ o)A v oF3t
3 947 Z471 (ODeso = 0.6 - 1.0)9] F& Ag3FATE.

EPSPSRERILE MEH|

oj<ulo] 27]7} 1.5 - 2.0 mmE A2k ol AR Hsto] 70%
CIER 23] B A3 T BFAAHAA HGHE B
2)5to] ANVl o, AgrobacteriumTt U4zl E-EufoF
4, paromomycinFAIE o] &3 AT A
EY <332 Cho 5 (2005b)9] Wofl oJsted 4235}
ot BN &3HE AEAE 2HdA KA & &
(TYE 4% 33l

)

oL

2L 3@ wE

PCR, RT-PCR % Northern Blot=A

Paromomycin 718 A oA GaF o w Aty AEE} A
EHE PCRE =I5kt PCRY| 3t nptll 5325 22l
317] el F71M Y forward, 5°-GAG GCT ATT CGG
CTA TGA CTG-3’9} reverse, 5°-ATC GGG AGC GGC GAT
ACC GTA-3°9) primerE 0]-&3}o] 94 C o)A 18, 65.6C 9
A 30%, 2CoA] 1B2A02 303 ZE319c} PCRE 8
A€ &g ABAHE HF2Z CP4 EPSPSHAL HE S
gelal7) Sfafol RT-PCR3} Northem ¥ 43 %8519l &
HolH 8591 20 B ofULO ZHE 30 g
RNAS F&3}30t}. RT-PCR2 total RNA 10 ugS template
2 3} SuperScript™ 11 (Invitrogen, USA)Z 0]-85}] first-strand
cDNAE A3}3th Second strand amplification-2 forward,
5’-AGA CGC CGA CGC CGA TCA CCT ACC-3’1} reverse,
5°-GGC GGC GGC GAC AGC GAG AAT-3’ primerE o}&
3191, Taq polymerase (GeneClone Co., Korea)& 0|83}
GeneAmp PCR system (Perkin Elmer Applied Biosystem,
USA)o| A BAre] Wi o 2 438519k Northern blot £-4]
230 ug® RNAE 5.1% formaldehyde agarose gelo A #7)
%53t % nylon membrane (Zeta-Probe GT genomic tested
blotting membranes; Bio-Rad, USA)o]| o], LA A|Zth Probe
L500 bp =7]9) PCR fragmentS [°P]dCTP (Random Primed
DNA Labeling kit; Boehringer Manheim, Germany)= #X|3}
o AR5} o m Prehybridization¥} hybridization-& 0.25M
sodium phosphate-§< (pH7.2)3} 7% SDSEN O Z 657C of A
83}% . Membrane-2 20 mM sodium phosphate (pH7.2)

o} 5% SDSgAoE B =zdcA 1085t A
% Xeray filmol A @At

xﬂ _;:c_xﬂ x-l%M—I 74X

oo BHOo

CP4 EPSPSH}E 24-4A 20| A shikimic acid &4 ©i-&
AL Be AzxA AGYE g2l 8171 218k Northernd
Aol Al ElE AlE (M266, M104)S 253 5, 3t Hat
L30T o a2% 20T Q1 279 2404 Aufsiich
AdE o] 20-40% AL = A S 17 Al
2HE 433 ¥ 35 AATY o2 4 x 4 mmo) HFAHS
THEQITE o] & A 2A) gdof Ade £ 28T A4 B=24
&R 150 umolm™s Yol 27417 FATk A2A| 24
8j] CP4 EPSPS7} A& = HHA| Wof shikimate?} =
L2 APAE Uehlis % -9-+= shikimate Z20] A
Jojuhz] o=tk Shikimate &4 A9 A= Kim &
(2006)2] W o2 £8Y5}¢l 1, shikimate 72 AP 2
A%l shikimate standard curveE o|-§-3}o] 3o, Ag
A3H= glyphosate A 2] off &3 MFA =2 shikimate FO
2 ehfsich

i

~

o]

o 2
in
OHA_mb

=

2n Y o3

Agrobacterium 24| 9FH 3} particle bombardment o] 2]
B S0 BASEE ype A A ABL
ARgsle] st gtk (Frame et al. 2002, Ishida et al
1996, Lupotto et al. 1999, Moose and Clemente 2002). £3]
A188 x B7T3n ] 22 E S| == Hi II4% (Armstrong et al.
1991)9] wjsul E v Ae AP A type T2
A8 A3 A% 0 Z A] (Armstrong et al. 1991) w2 A E
35t TUFA Bats Tioll (Armstrong 1994) S92
A g%a7o Qlold 2% SAAPeR AgEo] §
¢} (Frame et al. 2002, Pareddy et al. 1997, Songstad et al.
1996). Tl ChEHQ] 57 A BAZ 2T 5 oF 34
N B A A AEAIA =3 AEAE A3, 74
EAFE AFEAIA 15 - 20 mm 27]9] vlsElE A
t}. Cho 5 (2005b)2] WHHof wiet v)a:uljS Agrobacterium™t
FEAT T WA D20 H2AS A9t 3
A A7p R A 23 AR Aok A sl
ouf, wiF 4FREE vigrdHc e RE PAHE AYsE

AR ZH57) ARste] SFARE ofF ME 4RSS 2




378 - Journal of Plant Biotechnology

= BRAAEA BHAE AE 4+ AT (Figure 2A-C). ¥l
& 1257 7 GAFERE YHE A AGAH A9
Hl== HWI (0.37%), KL103 (0.03%), HW3 (2.20%), HW4
(2.37%) 2 HW7 (0.81%)2 el om, 5] HW4 (2.37%)
O} HW3 (2.20%)& A2 2 HE b1 =2 A A4 2
B 27 FAE AT (Table 1). 5719 LAFZEE AL
BAAG A2 A Aol et B T &
et A7 A Bl A3 (HWI, KL103)9) o2
A o) drokst WAz A7t S == (HW3, HW4, KW7)
VA 2Fe s ERT e ol2e EAL ofn) o)A
A3t (Cho et al. 2005a)0] st Awt A|5tg L, =9 =
FollA A== AP AL type T2} vt A AR}
= O T ko] vy Ay Aol EAS B

Figure 2. Plant regeneration from immature embryo cultures
of HW4 inbred line transformed with Agrobacterium tumefaciens
(strain C58C1) carrying CP4 EPSPS and nptll gene. A: Immature
embryo of HW4 genotype co-cultivated with Agrobacterium,
B: Putative transgenic embryogenic callus formation on SM
medium with 100 mg/L paromomycin; C: Paromomycinresistant
calli; D: Putative transgenic somatic embryo formation on 1%
regeneration medium; E: Germinated somatic embryo on 2™
regeneration medium; F: Putative transgenic maize plant
grown in soil; G: Seed harvested (T;) after self-fertilization.
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Table 1. Production of transgenic maize plants on the selfection medium containing with 100 mg/L paromomycin and their molecular

analysis by PCR, RT-PCR and Northern blotting

Korean domestic Immature embryos

No. of paromomycin

No. of transgenic maize planis confirmed by
molecular analysis (%)

inbred lines co-cultured resistance calli (%) PCR analysis by CP4 RT-PCR analysis by CP4  Northem
EPSPS primer EPSPS primer blotting
HW1 1365 5 (0.37) 0 (0.00) - -
KL103 3124 1 (0.03) 0 (0.00) - -
HW3 2101 46 (2.20) 14 (0.67) - -
HW4 2902 69 (2.37) 29 (0.99) 2 (0.07) 2 (0.07)
HW7 1976 16 (0.81) 0 (0.00) - -
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Figure 3. PCR analysis (A) for paromomycinresistant plants,
and RTPCR (B) and Northern blot analysis (C) for T,
progeny of transgenic maize carrying CP4 EPSPS gene. A: M
(size marker), P (pCAMBIA2300 vector), Wt (wild type), PTE
(putative transgenic events), B: M (size marker), P (pCAMBIA
2300 vector), Wt (wild type), 1 (M266-1), 2 (M266-2), 3 (M104),
C. Wt (wild type), 1 (M104-1), 2 (M104-2), 3 (M266°1), 4
(M266-2).

2 o] g3t7]ol= woket AlzA A4S bl of A
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Figure 4. Shikimic acid accurmulation analysis in leaf segments
of nonrtransgenic and putative transgenic maize event (M266).
Leaf segments were obtained from the youngest leaf of plants
at the fourleaf stage and incubated in test solutions for 24 h
at 25°C under continuous light.
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