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Antisense GA 3f-Hydroxylase Gene Transferred to Rice Plants. Yong-Won Kang, Yong-Hwi Yoon,
Kil-Ung Kim, In-Jung Lee and Dong-Hyun Shin*. Department of Agronomy, College of Agriculture and Life
Science, Kyungpook National University, Daegu 702-701, Korea — During plant development, active gibberellins
(GAs) control many aspects of plant growth and development including seed germination, stem elon-
gation, flower induction, anther development and seed growth. To understand the biosynthesis and
functional role of active GAs in high plants, this study investigated GA 3B-hydroxylase gene en-
coding GA; and GAy catalizing last step in GA biosynthetic pathway. The antisense GA 3-hydr-
oxylase gene was inserted into expression vector, pIG121-Hm. Calli derived from mature seeds of
rice (Oryza sativa L. cv. Donjinbyeo) were co-cultivated with Agrobacterium tumefaciens EHA101 carring
a pIG121-Hm containing hygromycin resistance (Hyg') and antisense GA 3B-hydroxylase gene. Sev-
enteen transgenic plants obtained inhibiting GA 3B-hydroxylase. Transgenic plants had shorter plant
height more than that of the Dongjinbyeo. Stable integration of antisense GA 3p-hydroxylase gene
was confirmed by polymerase chain reaction of genomic DNA isolated from the leaf organs of the
To generation.
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PCR ¥h§-2 1 ul Takara Taq (5 U/ug), 1 ul dNTP (25
mM), 5 ul 10XPCR buffer, 1 ul primer (0.05 uM), 1 ul
template DNA (ng/ul), 41 ul 254 28 #A volumeo]
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Table 1. Media used for tissue culture and transformation of
rice

Media Composition
MS salt and vitamins, 2 mg/1 24-D, 2

g/1 gelite pH 5.8

MS salt and vitamins, 2 mg/1 24-D, 30
g/l sucrose, 10 g/1 glucose, 1~100 uM
acetosyringone (AS), 2 g/l gelite

MS media

MS co-culture

MS salt and vitamins, 2 mg/1 2,4-D, 30
g/1 sucrose, 500 mg/] carbenicillin, 40
mg/1 hygromycin, 2 g/l gelite

MS selection

MS salt and vitamins, 2 mg/1 2,4-D, 30
MS shoot indution g/1 sucrose, 500 mg/1 carbenicillin, 2.5
mg/l CuSOy, 2 g/l gelite
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A fr718 Ao 3% A% ZEAZ T, 2 mg/l 24D,
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oA wge o, Add Ay 2E 1 mg/l NAA, 5 mg/l
kinetin, 30 g/1 sucrose, 500 mg/ carbenicillin, 40 mg Hy-
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ATGTGGTCCGAGGGCTACACCTTCTCCCCTTCCTCCCTCCGCTCCGAGL
TCCGCCGCCTCTGGCCCAAGTCCGGCGACGACTACCTCCTCTTCTGGTA
TATATACATATATACTCTCCCATGCATTCCATGCACATACACTCTACG
TATATATCTACCTCTACGTATATATCTACGTATTGATCTACGTATAAT
ATACGCAGTGACGTGATGGAGGAGTYTTCACAAGGAGATGCGGCGGCT
AGCCGACGAGTTGCTGAGGTTGTTCTTGAGGGCGCTGGGGCTCACCGGC
GAGGAGGTCGCCGGAGTCGAGGCGGAGAGGAGTCCAGGCGGAGAGGAG

Fig. 1. Sequence of GA 3p-hydroxylase gene from PCR product.

Fig. 2. A schematic diagram of the plant expression vector, pIG121-Hm, for the transformation of Dongjinbyeo, inwhich inserted

an antisense GA 3p-hydroxylase gene has replaced GUS. RB : right board, LB :

left board, NPT II : neomycin phos-

photransferase gene II, T-nos : terminator of nopaline synthase (NOS) gene, 355 : cauliflower mosaic virus 355 promoter,

HPT: hygromycin phosphotransferase.
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Fig. 3. Production of transgenic rice plants (Dongjinbyeo) using Agrobacterium EHA101 harboring antisense 3B-hydroxylase in
pIG121-Hm. A, B, C : Calli derived from mature seeds of rice (Oriza sativa L. cv. Donjinbyeo) were co-cultivated with
Agrobacterium tumefaciens EHA101 carring a pIG 121-Hm containing hygromycin resistance (HygR) and antisense GA 3p-
hydroxylase genes. D : Hygromycin resistant transgenic rice. E : Transgenic plant in shoot induction media. F : Transgenic

plant on soil pot.

Table 2. Transformation effect by Agrobacterium EHA101 : pIG121-Hm in rice cultivar (Dongjinbyeo)

Experiment No. of Co-cultivated calli (A)  No. of produced Hyg(R) calli(%) No. of transgenic plants (B) B/A(%)
1 250 177 (46.8) 6 24
2 250 139 (55.6) 5 2
3 250 143 (57.2) 6 24
Mean 250 133 (53.2) 5.7 23

Hyg (R); hygromycin resistant calli.
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Fig. 4. Difference of plant height and culm length analysis
between transgenic plants and control plants.

Fig. 5. PCR products amplified from NPTIH gene of trans-
genic plants (To). M: Size marker (1kb ladder marker).
Lane 1 to 7 ; transgenic Donjinbyeo, con ; untrans-
formed Dongjinbyeo.
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oAlE ROl 7AAE M PCRS 433tgth. NPTI
primerZ AH8-3 PCR ¥4 Z3}, NPT #F3 A9 marker
sized} FU3 9|4 500 bp band7} FHAH Ao} ofA
Foj = We=r Jelda erokohFig. 5).

H 2

GA A4l 272 9488 3= GA 3p-hydroxylaseE
pIG121-Hm €] GUS #AAE w1 antisenseZ F2Y
gt o] & TR =Y A 17/4A S FTHAFo] FA
H ZAHES AEAE & & AU L A Y
E xFog 39 wndtg Sy antisense GA 3p-hydr-
oxylase fAA7F FAEUH AEAY F5F4L Y3
o2 gzl His) M3 279 JAZ A=A A
Zol A7 B A9 H&ZFE coF 3l Southen blot
hybridization ¥4 23} 37 ¢] lined| A} ZF single copy=
=98 A vehgtt o224 Ty A& ol antisense
GA 3p-hydroxylase fH A& WE3n v Aoz EH
Atk o} A& antisense GA 3p-hydroxylase #A=}7} A4
Wol X A4 EE 74802 GA 3p-hydroxylase §4+9]
FEo] #og Aol AtrHIT .

f 1

i
Ao
e

1. Badula, S. K. and V. K. Sawhaney. 1991. Protein analysis
during the ontogeny of ormal and male sterile stamenless-
2 mutant stamens of tomato. Biochem Genet. 29, 29-41.

2. Chan, M. T, H. H. Chang,, S. L. Ho., W. F. Tong and S.
M. Yu. 1993. Agrobacterium-mediated production of trans-
genic rice plants expressing a chimeric alpha-amylase pro-
moter/beta-glucuronidase gene. Plant Mol Biol. 22(3), 491-
506.

3. Chiang, H. H, . Hwang and H. M. Goodman. 1995.
Isolation of the Arabidopsis GA4 locus. Plant Cell. 7,
195-201.

4. Fujioka, S., H. Yamane & Spray, C. R, P. Gaskin, ].



10.

11.

12.

13.

MacMillan, B. O. Phinney and N. Takahashi. 1988. Qual-
itative and quantitative analyses of gibberellins in veg-
etative shoots of normal, dwarf-1, dwarf-2, dwarf-3, and
dwarf-5 seedlings of Zea mays L. Plant Physiol. 88, 1367-
1372.

. Hedden, P. and Y. Kamiya. 1997. Gibberellin biosynthesis:

Enzymes, genes and their regulation. Annu. Rev. Physiol.
Plant Mol. Biol. 48, 431-460.

. Hiei, Y., T. Komari and T. Kubo. 1994. Transformation of

rice mediated by Agrobacterium tumefaciens. Plant Mol
Biol. 35(1-2), 205-218.

. Ingram, T. J., ]. B. Reid, W. C. Potts and 1. C. Murfet. 1983.

Internode length in Pisum: The Le gene controls the 38-
hydroxylation of gibberellin Az to gibberellin A, Physiol.
Plant. 59, 607-616.

. Itoh, H., M. Tanaka-Ueguchi, H. Kawaide, X. Chen, Y.

Kamiya and M. Matsuoka. 1999. The gene encoding
tobacco gibberellin 33-hydroxylase is expressed at the site
of GA action during stem elongation and flower organ
development. Plant J. 20, 15-24.

. Jacobsen, S. E and N. E. Olszewski. 1991. Characterization

of the arrest in anther development associated with gib-
berellin deficiency of the gib-1 mutant of tomato. Plant
Physiol. 97, 409-414.

Kaneko, M., H. Itoh, M. Ueguchi-Takara, M. Ashikari and
M. Matruoka. 2002. The alpha-amylase induction in en-
dosperm during rice seed germination is caused by gib-
berellin synthesized in epithelium. Plant Physiol. 128(4),
1264-1270.

Kobayashi, M., A. Sakurai, H. Saka and N. Takahashi.
1989. Quantitative - analysis of endogenous gibberellins in
normal and dwarf cultivars of rice. Plant Cell Physiol. 30,
963-969.

Kobayashi, M., Y. Kamiya, A. Sakurai, H. Saka and N.
Takahashi. 1990. Metabolism of gibberellins in cell-free-
extracts of anthers from normal and dwarf rice. Plant Cell
Physiol. 31, 289-293.

Kinoshita, T and N. Shinbashi. 1982. Identification of dwarf
gene and their Character expressions in the isogenic back-

14.

15.

16.

17.

18.

19.

20.

21

22,

2.

24,

Journal of Life Science 2004, Vol. 14. No. 4 649

ground Genetical studies on rice plant. Jpn. |. Breed. 32,
219-231.

Koornneef, M and J. H. Van der Veen. 1980. Induction and
analysis of gibberellin sensitive mutants in Arabidopsis
thaliana (L) Heynh. Theor. Appl. Genet. 58, 257-263.

Lange, T., S. Robatzek and A. Frisse. 1997. Cloning and
expression of a gibberellin 23, 38-hydroxylase cDNA from
pumpkin endosperm. Plant Cell. 9, 1459-1467.

Murakami, Y. 1972. Dwarfing genes in rice and their re-
lation to gibberellin biosynthesis. In Carr DJ, ed, Plant
Growth Substrances. p166-174.

Murray, M. C and W. F. Thompson. 1980. Rapid isolation
of high molecular weight plant DNA. Nucleic Acids Res. 8,
4321-4325.

Rasid, H., S. Yokoi, K. Toriyama and K. Hinata. 199.
Trangenic plant production mediated by Agrobacterium in
indica rice. Plant Cell Rep. 15, 727-730.

Ross, J. ], I. C. Murfet and J. B. Reid. 1997. Gibberellin
mutants. Physiol. plant. 100, 550-560.

Saghai-Maroof, M. A., K. A. Soliman, R. A. Jorgensen and
R. W. Allard. 1984. Ribosomal DNA spacerlength poly-
morphisms in barley : Mendelian inheritance, chromo-
somal location, and population dyanmics. Proc Natl Acad
Sci USA. 81, 8014-8018

Silverstone, A. L., C.-W. Chang, E. Krol and T. P. Sun.
1997. Developmental regulation of the gibberellin bio-
synthetic gene GA; in Arabidopsis thaliana. Plant |. 12, 9-19.
Smith, R. H. and E. E. Hood. 1995. Reviw and inter-
pretention : Agrobacterium tumefaciens transformation of
monocotyledons. Crop Sci. 301-309.

Toyomasu, T., H. Kawaide, W. Mitsuhashi, Y. Inoue and
Y. Kamiya. 1998. Phytochrome regulates gibberellin bio-
synthesis during germination of photoblastic lettuce seeds.
Plant Physiol. 118, 1517-1523.

Talon, M., M. Koornneef and J. A. Zeevaart. 1990. En-
dofenous gibberellins in Arabidopsis thaliana and possible
steps blocked in the biosynthetic pathways of the semi-
dwarf gad4 and ga5 mutants. Proc Nafl Acad Sci USA.
87(20), 7983-7987.



