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Summary. By transferring a semidwarf{ gene (sd-7) from
Taichung Native 1 into a tall Japanese cultivar, Norin 29,
through seven backcrosses, a semidwarf near-isogenic
line SC-TN1 was obtained. The proteins of the embryo
in Norin 29 and SC-TN1 were separated by two-dimen-
sional electrophoresis. Most of the proteins showed the
same electrophoretic pattern. However, it was found that
there was a difference in the appearance of two basic
glycoproteins designated as SRP-1 and SRP-2. These
proteins exhibited the same molecular mass, but different
isoelectric points. Hybridization results indicated that a
single locus controls SRP-1 and SRP-2 with codominant
alleles. The gene symbol Srp was given to this locus, with
alleles S¥p-1 and Srp-2 responsible for SRP-1 and SRP-2,
respectively. Srp-2 was found in all of the semidwarf
cultivars and lines having sd-1, except a tall cultivar Tsai-
yuan-chung. This finding suggests that Srp-2 may be
closely linked with sd-f. The amounts of these proteins
markedly increased after water absorption of the seed,
suggesting that these proteins may be related to the early
development of the plant.
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Introduction

Breeding of semidwarf cultivars is one of the most impor-
tant objectives in rice improvement programs all over the
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world. A semidwarf Taiwanese cultivar, Taichung Native
1 (TN1), derived from a cross between a semidwarf Chi-
nese cultivar, Dee-geo-woo-gen (DGWG), and a tall Tai-
wanese cultivar, Tsai-yuan-chung, has been frequently
used as a parent. TN1 has a single recessive gene, sd-1, for
the semidwarf phenotype inherited from DGWG
(Aquino and Jennings 1966; Athwal 1971; Hargrove
1979).

In 1985, Kikuchi et al. produced a semidwarf near-
isogenic line by four backcrosses, using a tall Japanese
cultivar Norin 29 as a recurrent parent and TN1 as a
donor parent. A crossing test confirmed that sd-7 from
TN1 had been transferred to the near-isogenic line
(Kikuchi et al. 1985). The phenotypic characteristics of
the line, such as heading date, panicle length, grain
length, and seed fertility, were almost identical with those
of Norin 29, except that the near-isogenic line was short-
statured (Kikuchi et al. 1985).

We speculated that there may be a difference between
Norin 29 and its near-isogenic line in the composition of
the proteins, which are primary gene products, and that
the difference may contribute to semidwarfism. If we
could identify the proteins related to semidwarfism,
DNAs encoding the semidwarf phenotype could be easily
cloned by using advanced gene manipulation techniques.

In the present study, we separated the total proteins
from mature and germinating embryos in Norin 29 and
SC-TN1 by two-dimensional polyacrylamide gel elec-
trophoresis (2D-PAGE). SC-TN1 was obtained by mak-
ing three additional backcrosses of Norin 29 to the
semidwarf near isogenic line produced by Kikuchi et al.
(1985). We identified the proteins that showed differences
in the electrophoretic patterns between Norin 29 and
SC-TN1. These proteins were characterized biochemical-
ly and the genes controlling them were identified by a
crossing test.



Materials and methods

Plant material

Rice (Oryza sativa L.) cultivar Norin 29 and its semidwarf near-
isogenic line, SC-TN1, and cultivars DGWG, Tsai-yuan-chung,
and TN1 were used in this study.

Two-dimensional gel electrophoresis

A portion (1 mg) of embryos from the dry mature seeds or the
seeds imersed in distilled water for 6, 12, 24, 48, or 60 h was
removed, homogenized with 100 pl of lysis buffer (O’Farrell
1975) using a glass pestle in an Eppendorf tube, and centrifuged
at 15,000 g for 5 min. Ten microliters of the supernatant was
subjected to 2D-PAGE according to the method described by
O’Farrell (1975) with slight modifications (Hirano 1982). After
electrophoresis, the proteins were detected by Coomassie blue
staining or silver staining (Gooderham 1984).

Determination of relative molecular weight and isoelectric point

The relative molecular weight and isoelectric point of the
proteins separated by 2D-PAGE were determined using low-
molecular-weight marker proteins and isoelectric point marker
proteins (Pharmacia, Uppsala).

Identification of glycoproteins

The proteins separated by 2D-PAGE were electroblotted onto a
polyvinylidene difluoride (PVDF) membrane filter (Millipore,
Bedford) and made to react with peroxidase-coupled con-
canavalin A (Honen Oil, Tokyo), according to the procedure
described by Kijmoto-Ochiai et al. (1985). The glycoproteins
having N-linked oligosaccharide chains were detected as colored
spots on PVDF.

Measurement of the relative volume

The seeds of Norin 29 and SC-TN1 were immersed in water for
6, 12, 24, 28, or 60 h at room temperature. The embryos re-
moved from them were separated by 2D-PAGE. After 2D-
PAGE, the relative volume of SRP-1 in Norin 29 and SRP-2 in
SC-TN1 was measured by a two-dimensional spectrographic
image analysis system (Quanta Scan 2D, Shimazu, Kyoto).

Amino acid sequence analysis

The proteins separated by 2D-PAGE were electroblotted onto
PVDF and sequenced by a gas-phase protein sequencer (Ap-
plied Biosystems, 477A, Foster City), according to the method
described by Hirano (1989).

Results

Figure 1 shows the 2D-PAGE patterns of the embryo
proteins which were detected by silver staining in Norin
29 and SC-TNI1. A total of about 500 polypeptide spots
were identified in each pattern. The electrophoretic pat-
tern of all of the polypeptide spots except two was iden-
tical in Norin 29 and SC-TN1. Only one appreciable
difference was found in the electrophoretic patterns; a
spot designated as semidwarfism-related protein-1 (SRP-
1) was detected intensively in Norin 29, but weakly in
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SC-TN1, while a spot designated as SRP-2 was identified
unambiguously in SC-TN1, but weakly in Norin 29 by
silver staining, as indicating in Figure 1. It was deter-
mined by 2D-PAGE that SRP-1 and SRP-2 exhibited the
same molecular mass, about 32 kDa, but different
isoelectric points, 7.4 and 7.7, respectively (Fig. 1).

Glycoproteins with N-linked oligosaccharide chains
were detected on the protein-electroblotted PVDF mem-
brane by using concanavalin A peroxidase reagents. Both
SRP-1 and SRP-2 reacted with concanavalin A. It was
suggested that these proteins are glycoproteins with N-
linked oligosaccharide chains.

The seeds of Norin 29 and SC-TN1 were immersed in
water for 6, 12, 24, 48, or 60 h at room temperature. After
immersion, the embryos were removed from the seeds.
Total proteins of the embryos were separated by 2D-
PAGE. After 6 h of immersion, the amount of SRP-1 and
SRP-2 markedly increased compared to the other em-
bryo proteins, and continued to increase up to 48 h after
immersion, although not drastically (Table 1). This find-
ing suggests that the increase of the amount of these
proteins may be related to the early development of the
plant.

We determined whether or not SRP-2 is inherited
from DGWG. Total embryo proteins were separated
from TN1 and DGWG carrying the identical semidwarf
gene sd-1 by 2D-PAGE. Figure 2 shows the 2D-PAGE
patterns of SRP-1 and SRP-2 in the pedigrees of SC-
TN1. SRP-2 was always detected in the semidwarf rice
cultivars, unlike SRP-1.

Results of the two crosses are presented in Table 2.
The cross of Norin 29 (SRP-1) and SC-TN1 (SRP-2)
yielded an F, progeny having both SRP-1 and SRP-2
(SRP-1/SRP-2). The F, progeny segregated into three
types, having SRP-1, SRP-1/SRP-2, and SRP-2, giving
an acceptable fit to a 1:2:1 ratio (Table 2).

The results of the crossing test suggest that a single
locus controls SRP-1 and SRP-2 with codominant alle-
les. The gene symbol Srp was given to this locus with the
alleles Srp-1 and Srp-2 responsible for SRP-1 and SRP-2,
respectively. SRP-1/SRP-2 was considered to be con-
trolled by the heterozygote of Srp-1 and Srp-2.

Table 1. Change in the amounts of SRP-1 and SRP-2 proteins
after water absorption of seeds

Relative volume

Time (h)

0 6 12 24 48
SRP-1°# 25.2 207.5 58.3 69.7 57.6
SRP-2° 31.3 137.0 194.5 39.8 79.9

? SRP-1 from Norin 29
® SRP-2 from SC-TN 1
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Fig. 1A and B. 2D-PAGE patterns of rice embryo proteins. A Japanese cultivar Norin 29 (arrow shows SRP-1); B semidwarf

near-isogenic line SC-TN1 (arrow shows SRP-2). Right to left, isoelectric focusing for first dimension; up to down, SDS-PAGE for
second dimension. Detected by silver staining
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Fig. 2. Relation between the pedigree of SC-TN1 and SRP-2. Numerals 1 and 2 represent SRP-1 and SRP-2, respectively. SRP-2 was
detected in all the rice cultivars and lines except for Norin 29. Detected by Coomassie blue staining

Table 2. Segregation of SRP-1 and SRP-2 proteins in rice em-
bryo

Population ~ Number of plants Total x* P
(1:2:1) value
SRP-1 SRP-1/ SRP-2
SRP-2
Norin 29/ 20 0 0 20
Norin 29
SC-TNY/ 0 0 20 20
SC-TN1
SC-TN1/ 0 20 0 20
Norin 29 F,
SC-TN1/ 15 27 13 55 0.164 0.90-0.95
Norin 29 F,

SRP-1 and SRP-2 were separated by 2D-PAGE and
electroblotted onto a PVDF membrane. A total of 500
pmol—1 nmol of the blotted proteins was applied to the
gas-phase protein sequencer to analyze the N-terminal
amino acid sequences. However, no phenylthiohydan-
toin amino acid was released after ten cycles of Edman
degradation.

Discussion

Semidwarfism has contributed to the breeding of high-
yielding rice cultivars (Futsuhara et al 1967; Chandler
1969; Chung and Heu 1980; Rutger 1983). A large num-
ber of genetic analyses has been performed in the semi-
dwarfism of rice (Heu et al. 1968; Kinoshita and Shinbashi
1982). The semidwarf gene sd-{ is one of the most valu-
able gene resources for breeding, because many semi-
dwarf cultivars carry sd-7 (Chang et al. 1985; Hu 1973;
Mackill and Rutger 1979; Kikuchi et al. 1985), which is
a recessive gene located on linkage group 1 (Suh and Heu
1978). Kikuchi et al. (1985) produced a semidwarf near-
isogenic line that harbors sd-7, by four backcrosses of
Norin 29 to TN1. In the present study, we used SC-TN1,
which was produced by three further backcrosses of
Norin 29 to the semidwarf near-isogenic line produced by
Kikuchi et al. (1985). There was no apparent difference
in the phenotypes of Norin 29 and SC-TN1, except for
the semidwarfism. Therefore, SC-TN1 is considered to
be one of the most suitable materials for the study of
semidwarfism at the molecular level.

The current study revealed that Norin 29 and SC-
TN1 differ in one protein. The different forms of this
protein are under the control of two codominant alleles,
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Srp-1 and Srp-2, at the Srp locus. We also found that the
semidwarf cultivars and SC-TN1, which have sd-1, also
harbor Srp-2. However, a tall Taiwanese cultivar, Tsai-
yuan-chung, also has Srp-2 (Fig. 2), suggesting that sd-1
and Srp-2 are closely linked, but are distinct genes.

The recombination value between sd-f and Srp-2
could not be determined, because the SR proteins are
detected by using the whole embryo. Thus, it is impossi-
ble to determine the genotype of these embryos for plant
stature.

If the amino acid sequence of SR proteins could be
determined, it might be possible to synthesize oligonucle-
otides, which would be used for the cloning of the genes
encoding the proteins as probes, and for the identifica-
tion of the coding region and reading frame of the genes.
The cloned genes might be used to identify sd-7 by gene
manipulation techniques such as gene walking. There-
fore, to clone the DNA encoding SR proteins, we ana-
lyzed the N-terminal amino acid sequences of these
proteins by Edman degradation, using a gas-phase
protein sequencer.

In this experiment, we applied the sequenceable
amount of the proteins to the sequencer. However, none
of the proteins released PTH amino acids that could be
identified after ten cycles of Edman degradation of the
proteins, suggesting the presence of blocked N-terminals.
It is concluded that to obtain information on the se-
quence of SR proteins, internal sequence analysis may be
necessary.
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