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Abstract

Differential display of immature anther cDNA was carried out between restorer and maintainer lines

of [ms - bo] cytoplasmic male sterile rice. One clone CDD2- 3) was identified to be specific to restorer

line. However DD2 - 3was mapped on the chromosome 11 and was not linked to fertility - restorer gene,

Rf- I
.

Full length CDNA of DD2-3 was obtained and the predicted amino acid sequence contains

leucine zipper structure, followed by nucleotide binding site (NBS) and leucine rich repeats (LRR).

These structures are characteristics of the NBS - LRR class of plant disease - resistant genes. The

transcripts of DD2- 3were detected in the anthers at the microspore stage and leaves.

The nucleotide sequence data reported appear in the DDBJ, EMBL and GenBank nucleotide sequence databases

under accession number AB017914.
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was carried out between restorer and maintainer

lines of [ms-bo] cytoplasmic male sterile rice

(Oryza sativa L.) in an attempt to identify the

product of the restorer gene, Rf-1. These near

of Chinsurah Boro 11 x Taichung 65 (Shinjo 1975,

1984). They are [normal]rf-1lrf-1 Taichung 65 as a
maintainer line (BTB), B21Fl [ms-bo]rf-1lrf-1 as a

CMS Iine (BTA), and Bl2F8 [ms-bo]Rf-11Rf-1 as a Frg I Detectron of DD2 3 gene and transcnpts

restorer line (BTR).

Total RNA was isolated using Isogen (Nippon-

gene, Japan) from anthers at the microspore stage,

because Rf-1 gene is expected to be expressed in

microspores (Shinjo 1975, 1984). Differential dis-

play combined with reverse transcription-poly-

merase chain reaction analysis (DDRT- PCR, Liang

and Pardee 1993) was carried out between RNA
from BTR and that from BTB.

We obtained three cDNA fragments specific to

BTR in PCR reactions out of 8 primer combi-

nations. The cDNA fragnents were used to identify

restriction fragment length polymorphism (RFLP)

between BTR, BTB, and BTA. Only one CDNA,
i.e., DD2-3, yielded a BTR-specific RFLP (Fig.

IA). Therefore, this clone was selected for further

characterization.

Sequencing analysis revealed that the 1305 bp

DD2-3 clone was amplified by a FCR primer, 5'-

ATGCTGGGGA-3'. Full-length cDNA was ob-

(A) RFLP of DD2- 3gene in CMS isogenic line

[ms - bolrf- 1lrf- I (BTA), maintainer line [nor-

mal]rf- 1lrf- I (BTB), and restorer line [ms -

bo]Rf- 11Rf- I (BTR). Genomic DNA was di-

gested with Hind 111 and the blot was probed with

aDDRT- PCR fragment of DD2- 3.

(B) RT-PCR to detect transcripts of DD2-3,
tubulin and alternative oxidase (AOX). RNA was
isolated from anthers at the microspore stage

(A1), mature anthers (A3), Ieaves treated with

salicylic acid (L') and untreated leaves (L~) of

BTR. The PCR product obtained using genomic

DNA as a template is also shown (G) in BTR and

BTB. Twenty micrograms of total RNA was used

for each RT- PCR, and 100 ng of genomic DNA
was used for genomic PCR. PCR was carried out

for 30 cycles for Imin at 94 "C
,
2min at 55 PC

,

and 2min at 72 ~)
.

tained by 5'
- RACE and 3' -RACE (5'

- Full RACE
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A part of the amino acid sequence of DD2 - 3.

(A) Ieucine - zipper like structure from residues

120 to 161. Leucine, valine and methionine

appears at every seventh position as indicated by
underlines. (B) Comparison of the putative NBS
of DD2 - 3(residues 194 - 234) and that of 12C-

1(residues 196 - 236). Colons and dots indicate

identical and similar residues, respectively.

(C) Alignment of LRR of DD2- 3 from residues

577 to 1030. The consensus sequence of the

alignment is shown below. Dots represent gaps
introduced to maintain alignment, and a repre-

sents an aliphatic residue.

Core Set and 3'-Full RACE Core Set, Takara,

Japan). At least three independent PCR clones were
sequenced. Finally, CDNA, 3489 bp in length was
obtained. As shown in Fig. 2, the predicted protein

having 1,101 amino acids contains sequences simi-

lar to those of the nucleotide binding site (NBS) and
leucine-rich repeats (LRR), which is characteristic

of the NBS-LRR class of plant disease-resistant

genes such as 12C- 1(Ori et al. 1997), RPM1(Grant
et al. 1995), and PRF (Salmeron et al, 1996).

However it is different from the NBS-LRR class

genes recently isolated from rice (Leister et al.

1998, Yoshimura et al. 1998). In addition, a protein

encoded by DD2-3 cDNA contains a leucine-zip-

per structure at the N- terminus (Fig. 2).

We designed DD2- 3specific primers, 5'
- GATC-

TATCTGAGGGTGTCAG-3' and 5'
- CTGAG-

GACTTCAAGATGTCG-3', which could amplify

a 1.04 kbp fragment in the CDNA and genomic

DNA of BTR. No such PCR product was observed

in case of BTB (Fig. IB). These primers were used

to detect transcripts of DD2-3 in BTR. The tran-

scripts were detected in the anthers at the micro-

spore stage, but not in the mature anthers (Fig. IB).

The transcripts were also detected in leaves inde-

pendent of the treatment with salicylic acid, which
is known to induce pathogen-related genes (Nishi-

zawa and Hibi 1991). We used primers (5'-

GCTTCCCCACTGATATCTTC - 3' and 5'
-

TGATGCAAATCCTCGGCAGTAG-3') to detect

a gene for alternative oxidase with an intron (Abe et

al. 1997) as a positive control for salicylic acid

induction, and primers (5'-TGGTCGGATTCG-
CCCCGCTG-3' and 5'-TTACATGTCGTCAGC-
CTCCT- 3') for beta-tubulin gene as a constitutive

control.

The DD2-3 gene was mapped by RFLP analysis

and integrated in the high-resolution rice RFLP
map (Harushima et al. 1998) and was shown to be
tightly linked to the RFLP marker G376 at 101.1

CM on the chromosome 11. In contrast, the Rf-1
locus has been determined to lie on the chromosome
10 (Shinjo 1975, 1984). Therefore, the DD2-3 gene
is not linked to the Rf-1 gene and is likely to be
derived from a chromosomal fragment of a cyto-

plasm donor, Chinsurah Boro II, which remained in

the restorer line BTR independent of the Rf-1 gene,

even though backcross was carried out twelve times.

In conclusion, the DD2- 3gene was not linked to

the restorer gene. We have, however, demonstrated
that it is expressed in the immature anthers and
leaves of the restorer line. The expression of the

NBS-LRR class of gene in immature anthers is

another point of interests and the functional signif-

icance of the DD2-3 gene in anthers should be
elucidated by further study.
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