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Isolation of Superoxide Dismutase cDNAs from an Weedy Rice Variety and Trans-

formation of a Cultivated Rice Variety
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ABSTRACT: Two different cDNA clones for superoxide dismutase (SOD) were isolated from an weedy rice
variety (Oryza sativa, cv. Bhutan14Ad) and were introduced into a cultivated rice variety (Oryza sativa, cv.
Nakdong) in order to develop the environmental stress-resistant rice plants. Sequence analysis of the cloned
¢DNAs indicated that the deduced amino acid sequence of SOD-A is 88.4% identical to that of SOD-B,
Furthermore, the nucleotide sequence of SOD-A is 99.3% identical to that of a CwZn SOD gene of Oryza
sativa (GenBank accession No. 136320). The nucleotide sequence of SOD-B was identical to that of the
previously published SOD gene (Accession No. D01000). A cultivated rice variety, Nakdong-byeo, was
transformed with chimeric SOD genes containing a actin promoter of rice and pin2 terminator using a
particle bombardment technique. Transformed calli were selected on an selection medium containing
phosphinothricin (PPT). Transgenic rice plants were regenerated from the PPT-resistant calli. PCR analysis
with genomic DNAs from transgenic plants revealed that transgenes are introduced into rice genome.
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& o} @2} Takara LA Taq (5 units/ul) 05 uL, 10X
LA PCR buffer 50 ul, 25 mM dNIP mixture (25 mM each)
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gaattcacattaacaATGGTGAAGGCTGTTGTTGTGCTTGGTAGCAGTGAGATTGTTAAGGGCACTATCCACTTIGTCCAAGAGG
gaattcacattaacaATGGTGAAGGCTGTTGTTGTGCTTGGTAGCAGTGAGGGTGTCAAGGGCACTATCTTITTCTCCCAAGAGG

170

GAGATGGTCCCACCACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGTCTCCATGGGTTCCATATTCATGCACTTGGTGACAC
GAGATGGTCCGACCICTGTGACGGGAAGTGTCTCTGGGCTCAAGCCAGGGCTCCATGGATTCCATGTGCACGCGCTCGGTGACAC

255

CACCAATGGTITGCATGTCAACTGGGCCACACTACAATCCTGCCGGAAAGGAGCATGGAGCACCAGAAGATGAGACCCGCCATGCT
CACTAATGGCTGCATGTCAACTGGACCACACTTCAATCCTACTGGGAAGGAACATGGGGCACCACAAGATGAGAACCGCCATGCC

340

GGTGATCTTGGAAATGTCACCGCTGGAGAAGATGGTGTTGCTAATATCCATGTIGTTGACAGTCAGATICCACTTACTGGACCAA
GGTGATCTTGGAAATATAACAGCTGGAGCAGATGGTGTTGCTAATGTCAATGTCTCTGACAGCCAGATCCCCCTTACTGGAGCAC

425

ATTCAATCATTGGCAGAGCCGTCGTTGTGCATGCCGATCCTGATGATCTTGGAAAGGGTGGGCACGAGCTGAGCAAGACCACCGG
ACTCCATCATTGGCCGAGCTGTIGTTGTCCATGCTGATCCTGATGATCTTGGCAAGGGTGGGCATGAGCTTAGCAAGACCACTGG

502

AAACGCTGGIGGCCGIGTTGCTTGCGGGATCATCGGACTICAAGGCTGAaacctggaggtgtgaactcacecggatee
AAAIGCTGGQQGCCGéﬁTTGCTTGCGGAATCATCGGACTQﬁAGGGTTAGmgwwammmmawwcmgMW

Fig. 1. Comparison of nucleotide sequences of SOD-A (upper line) and SOD-B (lower line). Different nucleotides between two

sequences are underlined.
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No. D01000)”} 100% =3}k wepx 228l SOD
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cauliflower mosaic virus 355 (CaMV 355) promoteri= 33
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A3l B9] actin 1 (Actl) promoterZ o8-8} B9 Actl
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Accl Hind Ill EcoRV EcoR1 EcoR I EcoRV Drall Kpnl
Xho I BamHI| BamH! Spel Xbal Notl Pst] EcoRV Sall  Kpnl

L

Actin 5’ SODA (— Pin23 |— 3585 | | Bar

— Nos 3’

tctttctttcttcttttgtgggtagaatttgaatccctcattgttcatcggtagtttttcttttcatgatttgtgacaaatgcagcctcgtgcggagcttttttgtag

Actin promoter —

gtagac aagctt gatatc gaattc acattaaca ATG GTG AAG GCT GTT GTT GTG CTT GGT AGC AGT GAG
Accl  HindIll EcoRV EcoRI M v K A v v A% L G 5 S E

ATT GTT AAG GGC ACT ATC CAC TTT GTC CAA GAG GGA GAT GGT CCC ACC ACT GTG ACT
I \% K G T I H F \4 Q E G D G p T T \% T

GGA AGT GTC TCT GGC CTC AAG CCT GGT CTC CAT GGG TTC CAT ATT CAT GCA CTT GGT

G S v S G L K P G L H G F H I H A L G

GAC ACC ACC AAT GGT TGC ATG TCA ACT GGG CCA CAC TAC AAT CCT GCC GGA AAG GAG
D T T N G C M S T G P H Y N P A G K E

CAT GGA GCA CCA GAA GAT GAG ACC CGC CAT GCT GGT GAT CTT GGA AAT GTC ACC GCT

H G A P E D E T R H A G D L G N Vv T A
GGA GAA GAT GGT GTT GCT AAT ATC CAT GTT GTT GAC AGT CAG ATT CCA CTT ACT GGA
G E D G \ A N I H \ A D 5 Q I p L T G
CCA AAT TCA ATC ATT GGC AGA GCC GTC GTT GTG CAT GCC GAT CCT GAT GAT CTT GGA
p L S 1 I G R T Vv v v H A D P D D L G
AAG GGT GGG CAC GAG CTG AGC AAG ACC ACC GGA AAC GCT GGT GGC CGT GTT GCT TGC
K G G H E L S K T T G N A G G R \ A C
GGG ATC ATC GGA CTT CAA GGC TGA aac ctg gag gtg TGA actcacc ggatce actagt tctaga geggeege
G I I G L Q S BamHI Spel Xbal

cctagaccctagacttgtecatettctggatiggeccaagttaattaatgtatgaaataaaaggatgeacatagtgacatgetaatcactataatgtgggeat
“« pin2

B
Accl Hind III EcoR V. _EcoR1 EcoR I EcoRV Drall Kpnl
Xho 1 BamH 1| BamHI Spe] Xbal Notl PstI EcoRV Sall Kpn 1
Actin 5’ SObB (— Pin23 | — 3585 |— Bar —{ Nos 3’

tetttctttcticttttgtgggtagaatttgaatcecteattgttcateggtagtttttctttcatgatttgtgacaaatgeagectegtgeggagettttttgtag
Actin promoter —
gtagac aagctt gatatc gaatic acattaaca ATG GTG AAG GCT GTT GCT GTG CTT GCT AGC AGT GAG
Accl  HindIll EcoRV EcoRI M \% K A v A \Y% L A S S E
GGT GTC AAG GGC ACC ATC TTT TTC TCC CAA GAG GGA GAT GGT CCG ACC TCT GTG ACG
G \% K G T I E F S Q E G D G P T S v T
GGA AGT GTC TCT GGG CTC AAG CCA GGG CTC CAT GGA TTC CAT GTG CAC GCG CTC GGT
G S v S G L K p G L H G F H v H A L G
GAC ACC ACT AAT GGC TGC ATG TCA ACT GGA CCA CAC TTC AAT CCT ACT GGG AAG GAA
D T T N G C M S T G P H F N P T G K E
CAT GGG GCA CCA CAA GAT GAG AAC CGC CAT GCC GGT GAT CTT GGA AAT ATA ACA GCT

H G A P Q D E N R H A G D L G N I T A
GGA GCA GAT GGT GTT GCT AAT GTC AAT GTC TCT GAC AGC CAG ATC CCC CTIT ACT GGA
G A D G v A N Vv N v 5 D S Q I P L T G
GCA CAC TCC ATC ATT GGC CGA GCT GTT GTT GTC CAT GCT GAT CCT GAT GAT CTT GGC
A H S I I G R A \% A% A% H A D P D D L G
AAG GGT GGA CAT GAG CTT AGC AAG ACC ACT GGA AAT GCT GGG GGC CGA GTT GCT TGC
K G G H E L S K T T G N A G G R v A C
GGA ATC ATC GGA CTC CAG GGT TAG acg tct caa tcc aac cac ggatce actagt tctaga geggeegce
G I I G L Q G BamHI Spel  Xbal

cctagaccctagacttgtecatcttetggattggeccaagttaattaatgtatgaaataaaaggatgeacatagtgacatgetaateactataatgtgggcat
— pin2

Fig. 2. Constructs used for rice transformation. A, The construct with the Bhutan14Ad SOD-A ¢DNA; B, The construct with the
Bhutanl4ad SOD-B ¢DNA. Nucleotide sequences of SOD coding regions are in capital letters and deduced amino acid sequences
are shown in one letter abbreviation. 355, bar, and nos stand for CaMV 355 promoter, bialophos resistant gene, and nopaline
synthase terminator, respectively. Primers used for the PCR analysis of transgenic rice were underlined
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Fig. 3. Transformation of rice plant with chimeric genes
containing SOD ¢DNAs. Callus induction from Nakdong-byeo
variety (A). After bombardment of calli (B), rice plantlets were
regenerated from the bialophos resistant calli on a selection
media (C). Regenerated rice plants growing in jars (D).
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Fig. 4. PCR analysis of genomic DNAs from transgenic rice
plants. PCR products were separated on an 1% agarose gel.
The individual lanes represent six independent transgenic rice
plants (lanes 3-8) in comparison to a nontransformed control
plant (lane 9) and plasmid DNA from SOD-A cDNA (see Fig.
2A). Lanes 3~5 and 6~8 were from transgenic plants cont-
aining SOD-A and SOD-B, respectively. Hindlll-digested lambda
DNA were run in Lanes #1 and #10 as molecular size markers.
Marker sizes are 23, 94, 6.6, 44, 2.3, 2.0, and 0.56 kb.
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