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, , Pstl  BamHI pBluescript Il SK ,
Kpnl  Sacl , pUN1301
,  70% 1-3 , UbilPro::OsRAAlL
, 0.1% 7-10 , 5-6 , pUN1301/OsRAA1(Ge et al., 2004) OsRAAl
pUN1301 Ubil
) pUN1301/ anti-OsRAA1
, 2
EHAL105 (Holsters et al., 1978)
1.3
1.5
1 (2000)
2 pPUN1301/
1.4 OSRAAL pUN1301/ anti-OsRAA1 EHAL05
pCAMBIA1301 Hindlll EcoRI 2 , 5mL 50mgL™? 50 mg-L?!
(Ubilpro) YEB 28°C ;
Nos ter , pUN1301 200 ODgp=0.5,
(HPT) GUS , CaMV 1:100 YEB
35S UbilPro BamHI Smal ., YEB
Kpnl  Sacl 4 OsRAA1l ODg0=0.5 , 6 000 xg, 4°C
1
Table 1 Media used for tissue culture and transformation of rice
Media Composition
NB Ns ( , 1975) major salts Bs (Gamborg et al., 1968) minor salts and Bs vitamins +300 mg-L*

casamino acid+500 mg-L~? proline+500 mg-L! glutamine+30 mg-L~* sucrose+7 mg-L ! agar, pH5.8
NBDO.5 NB medium+0.5 mg:L™* 2,4-D
NBD2 NB medium+2 mg-L-! 2,4-D
AAMDO0.5-As  AAMmedium (Hiei et al.,1994)+100 nmol-L~* acetosyringone+0.5 mg-L~* 2, 4-D, pH5.2
NBD2-As NBD2 medium+100 mmol-L~! acetosyringone+10 g-L~! glucose, pH5.2
NBDO.5-CH, NBDO0.5 medium+600 mg-L~* cefotaxime+25 mg-L~* hygromycin
NBDO.5-CH, NBDO.5 medium+300 mg-L~! cefotaxime+50 mg-L-! hygromycin

RE1-CH MS (Murashige and Skoog, 1962)+30 g-L™* sucrose+20-30 g-L~* sorbitol+500 mg-L~* casamino acid+1 mg-L™ 6-
BA+0.25 mg-L~* NAA+0.5 mg-L~* KT+0.2 mg-L~* ZT+300 mg-L! cefotaxime+50 mg-L-* hygromycin+10 g-L~* agar, pH
5.8

RE2-H MS+30 g-L~! sucrose+10-20 g-L~* sorbitol+500 mg-L-! casamino acid+1 mg-L-! 6-BA+0.5 mg-L- NAA+0.5
mg-L~! KT+0.2 mg-L~! ZT+50 mg-L~! hygromycin+8 mg-L- agar, pH5.8

MS, MS major salts, MS minor salts and MS vitamins+20 g-L~* sucrose+7 mg-L~* agar or 2.5 g-L™* gelrite, pH 5.8

MS,-H MS, medium+70 mg-L~! hygromycin

1/2 MSNM Half-strength MS major salts, MS minor salts and MS vitamin+20 g-L~! sucrose+0.2 mg-L* NAA+1.0 mg-L™* MET

(paclobutrazol)+7 mg-L~! agar, pH5.8
1/2 MSNMH 1/2 MSNM mediunm+50 mg-L-* hygromycin
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10 , , 1:1 AAMDO.5-As
NBDO.5 NBD2 4-5
0.3-0.4 mm , 20
NBD2-As , 3
, 500 mg-L™? 3,
, NBDO.5-
CH: 2, NBDO.5-CH,
2 y 2 ]
1.6
25°C 1-2
2 mm , RE1-
CH 12-15 6-7 , 8-9
, 45-55 mmol-m2s~! ,
RE2-H
15 , 2-4cm
, 1/2 MSNMH ,
2 y ’
1.7 GUS
( ) GUS
(Jefferson, 1987;
, 2000) X-Gluc
(pH7.0, 50 mmol-L™! , 0.1%Triton X-

100, 10 mmol-L~* EDTA, 0.5 mmol-L™! ,
0.5 mmol-L™? , 0.5 mg-L™* X-Gluc), 37°C
3-20 , 70% ,

GUS

1.8 PCR
Dellaporta (1983) . To 2
Ty ( 3-4 cm),
DNA Ubil OsRAA1l ,

P1(5-CGGTCGTTCATTCGTTCTAG-3) P2
(5-GATCTTGCTTACTTGCTGGC-3)),

OsRAAl PCR 1%

, 483 bp ( Ubil3 350 bp
OsRAA15 133 bp) PCR : 94°C 5
;94°C30 , 55°C30 ,72°C30 , 35 ;

72°C 10
19 T,
T1 9 OsRAA1 , 2
OsRAAl ) , MSo-H
, 12 /12 25°C
10 '
2
2.1
2 4 4
NBD2 4
2
2 NB (1)
MB (MS , Bs , NB)
02 05 2mgL*24D 0 1 2mgL?
KT 11 1 ,
NBDO.5 NBD2 ,
2
: NBD2 ,
; NBDO.5 , ,
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2.2
, MS 0.5 mg-L'KT+ 0.2
mg-L'lzT , NBDO.5 NBD2
, 10
, 1 2 3 mg-L‘16-BA 0 0.25 2.4
-1
0.5 mg-L™*NAA ( 3 , 4 ,
2 RE1 RE2( 1, ( / )
0,
), 82.8% ( / ) 71.4%
0,
NBD2 ,
2.3 T-DNA
2mm , 4
) 85%-100% ,

2 4
Table 2 Comparison of the rate of callus induction among four explants
Types of explant Immature embry os Immature seeds Mature embry os Mature seeds
Callus percentage (%) 83.7£13.1 46.1+2.4 67.4+3.5 19.4+3.6

30 , 6

Thirty explants were inoculated in each treatment with six replicates

3
Table 3 Effect of type of calliand frequency of callitransfered on transformation efficiency by Agrobacterium tunefaciens in rice
Rice species Ty pe of Frequency of  Totalcalli No.of Hyg" Hyg'plants No.of Hyg' Transformation efficiency
and transformed explants calli transfered (A) calli (B) lines (C) plants B/A C/A
genes
Zhonghua 10 ME 0 (4 days)* 100 0 0 0 0.0 0.0
S-RAAl MEC 0 (4 w eeks) 49 4 2 37 8.2 4.1
S-RAA1 MEC 1 (8 w eeks) 55 2 2 30 3.6 3.6
S-RAAl MEC 3 (12 w eeks) 87 21 18 189 24.1 20.7
S-RAAl MEC 4 (14 w eeks) 42 30 20 184 71.4 47.6
A-RAA1 MEC 4 (14 w eeks) 44 22 10 74 50.0 22.7
S-RAA1 MEC 7 (24 w eeks) 39 5 5 31 13.0 13.0
S-RAA1 MEC 12 (1 year) 67 18 16 78 26.9 23.9
A-RAA1L MEC 12 (1 year) 66 18 1 81 27.3 16.7
S-RAAL IE 0 (4 days) 24 1 1 22 4.2 4.2
S-RAA1 IEC 2 (12 w eeks) 93 46 36 206 49.5 38.7
S-RAA1 IEC 4 (14 w eeks) 28 13 1 126 46.4 39.3
Zhonghua 11 IE 0 (4 days) 83 4 4 57 4.8 4.8
S-RAAL IEC 1 (8 weeks) 38 20 18 176 52.6 47.4
S: ;AL ;. ME = . MEC: ; |EC:

*

S: Sense; A: Antisense; ME: Mature embryos; IE: Immature embryos; MEC: Callus induced from mature embryos; IEC: Callus induc ed
from immature embryo

*The data in parentheses show ed thetotal time of calli or explants cultured in callus induction or sub-culture medium prior to they
were infected by Agrobacterium tumefaciens
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Figure 1
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1-2 2 mm , , GUS 77%-100%,
RE1-CH ( 1D) RE1-CH 2
6-7 ; 11-12 , ( 1E),
' , 15
RE2-H , To GUS
( 1B) 10-15 , ( 1F, G)
, 24-56 50 GUS ,
2 RE1-CH RE2-H ,
, 100% GUS ,
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21
GUS
2.5 GUS ’ T T,
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© ;
(D) GUS , , ;
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(©)] GUS , , ;
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Figure 1 Mature embryo-derived calliof Oryzasativa ‘Zhonghua 10’ thathad been co- cultivated with Agrobacterium tumefaciens
EHA105 containing plasmid pUN1301/Os RAA1, and transgenic cells and plants derived fromthe calli

(A) Hygromycin-resistant colonies of cells grew well (yellow color) on NBDO.5-CH, that initial calli come fromfour times of sub-
culturing w hile the non-transgenic calli died (brow n color);

(B) Plant regeneration, the photograph was takentwo weeks after pre-regenerated cells had been transferred to regeneration
medium;

C) Rooting of plantlets;

D) Expression of GUS in hygromycin-resistant calli, transgenic lines (upper), control (low er);

E) Expression of GUS in hygromycin-resistant calli cultured on medium RE1-CH;

F) Expression of GUS in the leaf of atransformant, segments of leaves of a transgenic plant (right) and a non-transgenic plant
left) w ere stained w ith X-Gluc;

G) Expression of GUS in the root of a transformant, transgenic lines (upper), control (low er);

H) Sense (right) and anti-sense (left) transgenic plants grew w ell and produced flow ers and seeds;

1) Test of T, progeny for resistance to hygromy cin, seed froma non-transgenic (left) and a transgenic (right) plant w ere plated on
MS,-H selective medium, and the photograph w as taken seven days later.

~ AN N N A~ o~~~
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bpfl P WT 1 2 3 &4 & B 7 & 9 10 11 12 3-4cm , Dellaporta  (1983)
DNA , PCR
2 000
1000- 2 12 3
, 483 bp
T, 70 mg-L™t MSo-H
2 OsRAAl PCR
M: DL2000 marker; P: pUN1301/OsRAA1L ’ (1
483 bp P WT: DNA ; 3:1 Hyg
1-12: 1-12 DNA GUS , PCR
Figure 2 PCR assay of OsRAA1 transgenic rice plants
M: DL2000 marker; P: Plasmid pUN1301/OsRAAL1 as template; Southern
WT: ngomlc DNA gf w ild-type plants as 'template; 1-12: (Xu et al., 2005: Zhuang et al., 2006; Jiang et al.,
Genomic DNA from line 1 to 12 of transgenic plants as tem
plates 2007)
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Figure 3  Protocol of high-efficiency transformation of rice using mature embry-derived calli mediated by Agrobacterium
tumefaciens
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Abstract Rice has been transformed via Agrob acterium transfection with use of mature embryo-derived calli, but the transfor-
mation efficiency has remained relatively low in general. In this study, we optimized different factors affecting transformation and
established a highly efficient transformatiom system mediated by Agrobacterium using mature embryo-derived calli from two
japonica cultivars (Zhonghua 10, 11). The transformation was performed with A. tumefaciens strain EHA105 harboring the plasmid
pUN1301/OsRAA1, GUS usedas the reporter geneand HPT as the selectable marker gene. First, we established a high-frequency
regeneration systemfor rice, defined NBD2 (NB+2 mg-L™* 2,4-D) as callus induction medium, NBDO.5 as subculture medium, and
RE1 (MS+1 mg-L™* 6-BA+0.25 mg-L"* NAA+0.5 mg-L"* KT+0.2 mg-L™* ZT) and RE2 (MS+1 mg-L™* 6-BA+0.5 mg-L"* NAA+0.5 mg-L™*
KT+0.2 mg-L™* ZT) as regeneration medium. Second, factors suchas the selection of explants, the pre-culture mediumandthe sub-
culture times w ere show s to aff ect the efficiency of T-DNA delivery. The transf ormation efficiency using the optimized method w as
increased to 70%, w hich was measured either by counting the number of hygromycin-resistant calli or the number of transgenic

plants.

Keywords Agrobacterium-mediated transformation, mature embryo-derived callus, rice (Oryza sativa L.)
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