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Abstract Nine mutant lines lacking glutelin subunits
were selected from M, seeds of about 10000 M, plants
mutagenized with gammaraysor EM S and from 1400 mu-
tant lines selected originally for morphological characters.
There were three types of mutants, one line lacking the
largest subunit among four minor bands of glutelin acidic
subunits(Type1), fivelineslacking the second largest sub-
unit band (Type 2), and three lines lacking the third larg-
est subunit band (Type 3). Mutants lacking the smallest
subunit band were not found. Type 1 lacked 2 of the 10
spots of glutelin acidic subunits separated by two-dimen-
sional electrophoresis and 1 of the 11 spots of the 57-kDa
glutelin precursor. Type 2 lacked 2 spots of acidic subunits
and 1 spot of the 57-kDa glutelin precursor, and had low
amounts of 1 of the 8 spots of glutelin basic subunits. Type
3 mutants lacked each of 1 spot of the acidic subunits and
glutelin precursor and had low amount of 1 spot of the ba-
sic subunits. Genetic analysis of the mutated genes showed
that these mutant characters were controlled by single re-
cessive genes named glu-1, glu-2, and glu-3, respectively.
Mutated genes of different lines of the same type were
found to be at the same locus. RFLP analysis of F, plants
between the mutant lines and cv ‘Kasalath’ indicated that
glu-1 is on chromosome 2, glu-2 on chromosome 10, and
glu-3 on chromosome 1. These mutant genes were com-
bined by crossing, and aline lacking the 3 minor bands of
the glutelin acidic subunits was devel oped. However, the
total glutelin content of this line was not remarkably re-
duced, showing a only 13% decrease.
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Introduction

In breeding rice for improved endosperm protein, themain
target has been to increase total protein content. However,
rice having alow protein content is also required. Protein
content in rice endosperm correl ates negatively with taste.
Low-proteinriceisrequired in the production of ricewine,
sake, and as a diet for patients with kidney disease. The
most abundant proteinin rice endospermisglutelin, which
accounts for 60% of the total endosperm protein. Glutelin
gene expression and the localization of glutelin in endo-
sperm have been intensively studied (Tanaka et al. 1980;
Yamagata et al. 1982; Li et al. 1993). Glutelin is synthe-
sized by a multi-gene family, and more than ten glutelin
genes have been isolated and sequenced. However, there
are few reports on the mapping of the glutelin genes (Su-
zuki et al. 1991, Nakamura et al. 1995).

Mutation induction by gamma-ray irradiation or chem-
ical mutagen treatment has made it possible to obtain var-
ious rice mutants having altered seed protein composition
(Kumamaru et al. 1988, Nishio and lida 1993; lida et al.
1993). Recently, we found several mutants lacking some
glutelin subunits. Genetic analysis of these mutants sug-
gested that the mutated genes are the glutelin genes. Us-
ing these mutants, we were able to elucidate members of
theacidic subunits, basic subunitsand 57-kDaglutelin pre-
cursors encoded by each glutelin gene, and the glutelin
geneswere mapped on therice chromosome. We also eval-
uated these mutant lines as breeding materials for devel-
oping low-glutelin rice.

Materials and methods
Mutation induction and selection of mutants

Dry seeds of rice, Oryza sativa L. cv ‘Koshihikari’ were irradiated
with gamma rays at 200 Gy and 300 Gy or treated with 0.1 M and
0.2 M ethylmethane sulfonate (EMS) and then sown to grow M,
plants. M, seeds from 10000 M, plants were used for the screening
of mutants. Mutant lines of the genetic stock of the Institute of Ra-
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diation Breeding were also used for the screening. Thesemutant lines
have been maintained by selfing for more than five generations.

SDS-PAGE for screening of mutants was carried out according
to Nishio and lida (1993).

Two dimensional electrophoresis

After removal of the embryos, the rice grains were crushed with pli-
ers. Theprotein wasextracted from 40 mg of rice powder with 400 pl
lysis buffer containing 8 M urea, 2% Triton X-100, 1.6% Pharma-
lyte 5-8, 0.4% Pharmalyte 3-10, 5% 2-mercapthoethanol. After cen-
trifugation at 7000 g for 5 min., the supernatant was |loaded onto
polyacrylamide gel containing 1.7% Ampholine pH 3.5-10, 3.3%
Pharmalite pH 8.5-10, and 8 M ureain a glass tube for non-equilib-
rium pH gradient gel electrophoresis (NEPHGE). The protein was
run from the anode side under avoltage of 200 V for 20 min., 300 V
for 20 min. and 400 V for 3 h. After electrophoresis, the gel wasre-
moved from the glass tube, and equilibrated for 30 min in 0.062 M
TRIS-HCI buffer containing 10% glycerol, 5% mercapthoethanol,
and 2.3% SDS. The gel was placed horizontally on a stacking gel of
4% acrylamide made on a separation gel of 14% acrylamide (acry-
lamide: N,N’-methylenebisacrylamide=38.9:1.1) containing 0.1%
SDS. After electrophoresis under a constant current at 50 mA/gel,
the gel was stained with Coomassie Brilliant Blue R250.

Genetic analysis and gene mapping

F, and F, seeds of the crosses between the mutant lines and their
original cultivarsor between mutant lineswere used for genetic anal -
ysis of mutated genes.

In order to map the mutated genes using restriction fragment
length polymorphism (RFLP) analysis, themutant lineswere crossed
with an indicacultivar, ‘Kasalath’, and proteinsin half grains of the
F, seeds were analyzed. The other half grains with embryos were
sown in petri dishes and genomic DNA was extracted from leaves
of the plantlets grown in pots for 1 month using the CTAB method
(Murray and Thompson 1980). DNA markersfor gene mapping were
provided by Dr. A. Saito of the Kyushu National Agriculture Re-
search Station and Dr. N. Kurata of the Rice Genome Team at the
National Institute of Agrobiological Resources. RFLP was analyzed
by the Dig-labeling procedure according to the manufacturer’s in-
structions (Boeringer).

DNA samples from 15 plants grown from the F, seeds lacking
glutelin subunits were analyzed to find a linked marker. The DNA
markers which gave segregation rates deviating from 1:2:1 in this
analysis were used in an RFLP analysis of 181-288 F, plants. The
distance between the mutated gene and the DNA marker was esti-
mated using the MAPL program (Ukai 1989).

Analysis of the glutelin gene

The glutelin multi-gene family has been classified into two subfam-
ilies, GIuUA and GluB (Takaiwa et al. 1989). A cDNA clone of
GluA-1, pREEG1, and acDNA clone of GluB-1, pREEK 1, were used
as probes for the RFLP analysis of genomic DNA. After screening
the restriction endonucleases which give different band patterns be-
tween ‘Koshihikari’ and ‘Kasalath’, we analyzed the RFLPs of ho-
mozygotes of the mutated genes in the F, between the mutant and
‘Kasalath’.

Combining the mutated genes

The mutant line lacking the largest acidic subunit was crossed with
that lacking the second largest acidic subunit. The seeds of the F,
lacking both glutelin subunits were selected by protein analysis of
the half grain, and the other half seeds having embryos were sown
to produce a line homozygous for the mutated genes. This line was
again crossed with the line lacking the third largest acidic subunits

to develop aline lacking these three glutelin subunits. Total protein
content of the seeds of this line and of that of the original cultivar
were compared using the method of Lowry et al. (1951).

Results
Selection of mutant lines lacking glutelin subunits

In our SDS-PAGE analysis, the acidic subunits of glutelin
incommonjaponicaricecultivars, e.g. ‘Koshihikari’, were
separated into 4 minor bands ranging from 37 kDa to
39 kDa, which were named a-1, a-2, a-3, and a-4 starting
from the largest subunit band (Fig. 1). In the screening of
M, seeds from about 10000 M, plants, 8 mutants lacking
a1, a2, and a-3 were selected, with 1 mutant lacking a-1
(Type-1), 4 lacking a-2 (Type-2), and 3 lacking a-3 (Type-
3) (Table 1). One mutant lacking a-2 was also found in the
1400 mutant lines of the genetic stock.

By conventional two-dimensional electrophoresis, iso-
electric focusing in the first dimension and SDS-PAGE in
the second dimension, acidic subunits of glutelin in
‘Koshihikari’ were separated into 10 spots, but basic sub-
unitswere not detected. In thiselectrophoresissystem, iso-
electric focusing using carrier ampholite ranging from
pH 3 to pH 10 was used. The basic subunits may have run
right through the polyacrylamide gel or may not have en-
tered the gel. Therefore, non equilibrium pH gradient gel
electrophoresis was used for the separation of the first di-
mension. Thebasic subunitsof glutelinwere separatedinto
8 spotsinthisanalysis. Acidic subunitswere separated into
10 spots, and the glutelin precursor of 57 kDainto 11 spots
(Fig. 2A-C).

In 85KG30-756 (hereafter abbreviated to 756), a
Type-1 mutant, 1a and 1b spots of the acidic subunits
(Fig. 2A-1) and glutelin precursor spot No. 4 (Fig. 2C-1)
were deleted, while the del etion of basic subunit spotswas
not detected (Fig. 2B-1). M539, a Type-2 mutant, lacked
acidic subunit 2a and 2b spots (Fig. 2A-2) and the glute-
lin precursor spot No. 8 (Fig. 2C-2); basic subunit spots 1a
and 1c were decreased in this mutant (Fig. 2B-2). In
90WPKEOQ.1-561 (hereafter abbreviated to 561), a
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Table1 List of rice mutants

lacking glutelin subunits Name of lines Original Mutagen Fertility of . Other
variety homozygote® characteristics
Type-1: al deletion
1. 88KG30-756 Koshihikari yray +
Type-2: a2 deletion
2. M539 Norin8 yray + Hindered heading
3. 88KG30-913 K oshihikari yray +
4. 88KG30-958 Koshihikari yray +
5. 88KG30-993 Koshihikari y-ray +
6. 87KEO0.1-397 Koshihikari EMS +
Type-3: a3 deletion
7. 87KG20-130 Koshihikari yray - Endosperm with a
small white core
8. 89WPKG30-16 Koshihikari yray + Dwarf
9. 90WPKEO0.1-561 Koshihikari EMS + Semi-dwarf

Total 9 lines

a4 fertile; — sterile

Type-3 mutant, deletion of acidic subunit spot 3a
(Fig. 2A-3) and glutelin precursor spot No. 6 (Fig. 2C-3)
was found. A decrease in basic subunit 2a spot was also
detected (Fig. 2B-3).

Thevisual charactersof 756, Type-1, and 88K G30-913,
88K G30-958 and 87KE0.1-397 (hereafter abbreviated to
913, 958, and 397, respectively), Type-2, were not differ-
ent fromthose of the original cultivar, ‘ Koshihikari’, while
the panicle of M539, Type-2, protrudesincompletely from
the leaf sheath and the seed fertility of 89WPKG30-16
(hereafter abbreviated to 16) and 561, Type-3 was low.
Thesecharactersof M539, 16, and 561 were separated from
the protein character by crossing with their original culti-
vars, ‘Norin 8 for N539 and ‘ Koshihikari’ for 16 and 561.
In 87K G20-130 (hereafter abbreviated to 130), seedslack-
ing a-3 gave completely sterile plants (Table 1).

Genetic analysis of mutant characters

Inthe F, seeds of all the crosses between mutant lines and
their original cultivars seeds having thin bands of glutelin
were found as well as those lacking the bands. The segre-
gation ratio of normal seeds, the seeds having the thin
bands, and those lacking the bands corresponded to 2:1:1,
which is expected from the assumption that the normal
seeds have the genotype AAA or AAa, the seeds having the
thin bands have the genotype Aaa, and the seeds lacking
the glutelin bands have the genotype aaa (Table 2).
Different mutant lines of the same type were crossed
with each other to elucidate alelic relationships between
the mutated genes. Five mutant lines belonged to Type-2.
All F, seeds of reciprocal crosses 913x958, 958x 397, and
958x993 lacked a2. All F, seeds of the crosses
M539x913,913xM539, M539x 397, 958 x 913, 993% 958,
397x913, and 958 397 also lacked a-2. Hence, al 5 lines
were considered to have the mutation at the same locus.

Table2 Genetic analysis of the mutant character using F, seeds

Type Mutant lines Segregation ratio of
thickness of bands? (2:1:1)

1 88K G30-756 82:42:36 0.55
2 88KG30-913 78:46:36 1.35
2 M539 47:22:11 5.48
2 88K G30-958 53:35:32 1.78
2 88KG30-993 123:51:66 12
2 87KE0.1-397 40:23:17 0.9
3 88K G20-130 84:38:38 0.4
3 90WPKG30-16 63:32:25 112
3 90WPKEO.1-561 53:37:31 2.45

@Normal: low glutelin subunit: glutelin subunit deletion

Among 3 mutant lineslacking a-3, 16 and 561 were shown
to have a mutation at the same locus based on an analysis
of F, seeds of their reciprocal crosses. Homozygotes of the
mutated gene of 130 were sterile, and therefore this mu-
tant line was maintained by selfing of the heterozygotes.
The heterozygote was crossed with 16, and the seeds on
the F, panicles were analyzed. About half of the F; plants
set only seedslacking a-3, suggesting that the mutated gene
of 130 is also at the same locus as that of 16.

The mutant characters of the a-1, a-2, and a-3 deletion
were found to be controlled by a single recessive gene, re-
spectively, and the mutated genes of different mutant lines
of the same type were at the same locus. These geneswere
named glu-1 for the a-1 deletion, glu-2 for the a-2 dele-
tion, and glu-3 for the a-3 deletion.

Mapping of the mutated genes using RFLP markers

The indica cultivar ‘Kasalath’ showed the same electro-
phoretic profile of seed protein by SDS-PAGE asthe com-
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Table3 Mapping of the mutant genes using RFLP markers

181

Combination of mutant Segregation mode in F,? Recombination Genetic map
genes and RFLP markers — — — — — — value (%) distance (cM)
A-BB ABB ABB aaBB aaB'B aaB'B

glu-1 — XNpb243 6 97 46 43 9 1 84+20 85+20
glu-1- G365 33 85 45 24 23 4 32.7+38 39.1+38
glu-2 — G1082 6 77 49 36 5 0 6.7+20 6.8+2.0
glu-2 — G1084 9 82 44 29 11 1 13.4+25 13.7+25
glu-3 — XNpb370 21 124 72 52 15 1 140+22 144+22
glu-3 — C250 (got) 6 138 75 47 21 0 10.1+1.9 10.2+1.9

2A +; a, glu-1; B, indica-type RFLP; B), japonica-type RFLP. A- means AA or Aa. All parental mutant lines had japonica-type RFLP

mon japonica cultivarsand can be used asaparent for gene
mapping by RFLP analysis. The RFLPs of F, plants of the
crosses ‘Kasalath’ x756, ‘Kasalath' xM539, and 16x"-
Kasalath’ wereanalyzed using RFL Pmarkersafter ananal -
ysis of the seed protein, and the distances of the mutated
genes from the markers were estimated.

The mutated genes of 765, lacking a-1, was assumed to
be on chromosome 2 from the significantly high segrega-
tion ratio of the japonica band detected with probes on
chromosome 2, G365 and XNpb243, in the 15 glu-1 ho-
mozygotes. RFL P analysisof 220 F, plantsshowed the dis-
tance of glu-1 from the marker XNpb243 to be 8.5 cM to-
ward G365 (Fig. 3, Table 3).

The gene of M539, glu-2, was found to be linked to
RFLP markers on chromosome 10 by the analysis of 15
glu-2 homozygotes, and the distances of glu-2 from G1082
and G1084 were estimated to be 6.8 cM and 13.7 cM, re-
spectively, by the analysis of 181 F, plants (Fig. 3,
Table 3).

The analysisof 288 F, plants of the cross 16x‘ Kasalath
showed that glu-3 of 16 wason chromosome 1, andthedis-
tances of glu-3 from C250 and XNpb370 were estimated
to be 10.2cM and 14.4cM, respectively (Fig. 3,
Table 3).

Analysis of the glutelin gene

The Bglll fragments of ‘Koshihikari’ and ‘Kasalath’ ge-
nomic DNA detected by the GIUA probe, pREEG1, varied
in size. Dral also gave polymorphism between ‘Koshihi-
kari’ and ‘ Kasalath’. One of the two dense bands had dif-
ferent sizes. The GluB probe, pPREEK 1, showed polymor-
phism after digestion of the genomic DNA with Hapll and
with BstPl.

-
-

Fig. 2A-C Two-dimensional electrophoresis of glutelin acidic
subunits(A), glutelin basic subunits(B), and the 57-kDaglutelin pre-
cursor (C) in mutant lines. Numbers and letters to the right of hy-
phens show: 1 a-1 deletion (Type 1), 2 a2 deletion (Type 2), 3 a-3
deletion (Type 3), C ‘Koshihikari’. The spots were numbered in the
order of their decreasing molecular weight and alphabetized in the
order of decreasing spot size

oM 1 2 10
—_ _ T —F
+— G1084
T - glu-2
™
1/ XNpb370 G1082
50 |-=gl-3
M\
C250(got)
T 10 1 XNpb243 ~—
- glu-1
1150 -T- G365
L
1200 T

Fig. 3 Location of glu-1, glu-2, and glu-3 in an RFLP linkage map.
The number on each linkage line indicates the chromosome number

In RFLP analysis using the GIUuA probe, all 15 plants
homozygous for glu-2 in the F, between the Type-2 mu-
tant and ‘ Kasalath’ showed the japonica band , suggesting
that glu-2 is amutated gene of one of the glutelin genesin
the GIuA subfamily. Digestion with Bglll and that with
Dral gave the same result. Homozygous plants of glu-1
and glu-3 did not show significant deviation from the seg-
regation ratio 1:2:1 between japonica type, hybrid type,
and indica type.

Using the GluB probe, we found significant deviation
of the segregation ratio from 1:2:1 in the Type-1 mutant.
Among 30 glu-1 homozygotesin the F, analyzed after di-
gestionwith BstPl, 26 plantswerejaponicatypeand 4 were
hybrid type, suggesting that glu-1 links to a glutelin gene
in the GluB subfamily. Evidence suggesting the linkage of
glu-2 and glu-3 to the GluB gene was not found.
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Fig. 4 Two-dimensional electrophoresis of glutelin acidic subunits
in a-1,2,3less homozygous for glu-1, glu-2, and glu-3. 1 Glutelin
acidic subunits, 2 glutelin basic subunits, 3 57-kDa glutelin precur-
sors. The spots were numbered as shown in Fig. 2

Table4 Contents of the major polypeptides in the rice grain of
a-1,2,3less and the original cultivar

Lines Molecular weight (kDa) of polypeptide Total
(%)?
76 57 37— 26 22— 16 13
39 23
Koshihikari 0.32 0.72 187 0.48 129 0.33 0.79 5.8
a1,23less 029 081 173 066 1.02 051 1.18 6.2

& Percentage in brown rice (w/w)

Combination of the mutated genes

From F, seeds of the cross between 756 and 993, seeds
lacking both a-1 and a-2 were selected by SDS-PA GE anal -
ysis of half grains, while the other half grains bearing em-
bryos were sown to develop breeding lines homozygous
for both glu-1 and glu-2. This breeding line was crossed
with 561, and a new breeding line, a-1,2,3less, lacking 3
glutelin subunit bands, a-1, a-2, and a-3, was developed.
The deletion of glutelin acidic subunits 1a, 1b, 2a, 2b, and
3a, the deletion of 57-kDa glutelin precursor 4, 6, and 8,
and the deletion of glutelin basic subunits 1a, 1c, 1d, and
2a were confirmed in this line a-1,2,3less, by two dimen-
sional electrophoresis (Fig. 4).

Total protein content in brown rice of a-1,2,3less was
6.2%, not significantly different fromthat of ‘ Koshihikari’.
Glutelin content in a-1,2,3less was reduced to 2.75% from
3.16% of that of ‘Koshihikari’, a 13% decrease, while the
26-kDaglobulin, 16-kDa albumin, and 13-kDa prolamine
subunitsincreased in a-1,2,3less (Table 4).

Discussion
Mutation of glutelin genes

Glutelinisencoded by amulti-genefamily, about ten genes
per haploid genome, which is classified into two sub-fam-
ilies, GIUA and GluB (Takaiwa et a. 1987). Many glute-
lin genes have been isolated and sequenced (Takaiwaet al.
1987, 1989; Masumura et al. 1989; Okita et al. 1989).
N-terminal amino acid sequences of several acidic subunit
spots separated by two-dimensional electrophoresis have
been determined, and some of these spots have been cor-
related with glutelin genes (Hirano et al. 1991). However,
therel ationships between basi ¢ subunitsand glutelin genes
are not known. Glutelin isfirst synthesized in the form of
a57-kDa glutelin precursor, and after removal of the sig-
nal peptide it is cleaved to an acidic subunit and a basic
subunit (Yamagata et al. 1982).

In the study presented here, 1 mutant lacking the acidic
subunit a-1, Type 1, 5 mutants lacking a-2, Type 2, and 3
mutants lacking a-3, Type 3, were obtained. It was found
that each mutant character is controlled by a single reces-
sive gene and that mutated genes of lines of the same type
areat thesamelocus. In F, seeds between mutantsand their
original cultivar, the densities of the glutelin subunit bands
segregated in aratio of 2:1:1 of normal: thin: none, sug-
gesting an effect of gene dosage on the contents of the glu-
telin acidic subunits. The RFLP of glu-2 homozygotes pro-
bed with the GIUA gene was always the mutant type (ja-
ponica type) in the F, between the Type-2 mutant and a
normal indica cultivar. These results suggest that the mu-
tated genes of these mutants are glutelin genes. These
mutated genes of Type 1, Type 2, and Type 3 were named
glu-1, glu-2, and glu-3, respectively.

The Type-3 mutants lacked 1 acidic subunit spot, 3a,
and 1 glutelin precursor spot, 6, and had a low amount of
1 basic subunit spot, 2a. These spots are considered to be
encoded by the glutelin gene that is a wild-type gene of
glu-3. In the Type-2 mutants, the deletion of the a-2 band
in SDS-PAGE corresponded to the lack of 2aand 2b acidic
subunit spots, the lack of glutelin precursor 8, and the de-
crease of 1c and la basic subunit spots in the two-dimen-
sional gels. These acidic subunits, 2a and 2b, the glutelin
precursor, 8, and the basic subunits,1a and 1c, would be
single-gene products, and post-translational modification,
suchasglycosilation (Hiranoet al. 1991), may give2acidic
subunit spots and 2 basic subunits having different pl val-
ues. The Type-1 mutant lacked 2 spots, 1a and 1b, of the
acidic subunitsand 1 glutelin precursor, 4, when separated
by two dimensional electrophoresis, but there was no de-
tectable change in the basic subunit spots. A basic subunit



must be missing in this mutant, but it may be overlapped
with another basic subunit. By means of this analysis of
glutelin subunits of the mutant lines, the genetic relation-
ship between the acidic subunits, basic subunits, and the
precursor polypeptide was reveal ed.

Mapping of the glutelin genes

Using in situ hybridization with GIUA gene, pREEG1, Su-
zuki et al. (1991) found that a glutelin gene is located on
the middle of the short arm of chromosome 2. They also
detected a gene that hybridized with a glutelin gene iso-
lated by Masumura et al. (1989) on chromosome 1. The
mutant genes, glu-1 and glu-3, which were mapped on
chromosome 2 and chromosome 1, respectively, in the
present study, may correspond with the glutelin genes de-
tected by in situ hybridization.

Nakamura et al. (1995) reported that a glutelin gene,
Glu-1% which encodes as,, was linked with a semi-dwarf
gene, sd-1, on chromosome 1, and that the recombination
value between them was 17.1%. The ag, subunits are in-
ferred to be the 3a spot on the basis of its molecular size
and isoelectric point. Since the mutant gene of 3a spot is
glu-3, which was mapped at the site of similar distance
from sd-1, glu-3 would be the same locus as Glu-12,

The mutant gene, glu-2, was found to be at the site
6.8 cM from G1082 and 13.7cM from G1084 on chromo-
some 10. This geneis at the locus of GIUuA or linked clo-
sely with GIuA gene.

Combination of the mutated glutelin genes

Glutelin isaccumulated in protein body 11 (PB-11), and pro-
lamine in protein body | (PB-1) (Tanaka et al. 1980). PB-I
isknown to beindigestiblein the human body (Ogawaet al.
1987) and, therefore, rice having higher prolamine-to-glu-
telin ratios would be equivalent to low-protein rice. Diges-
tion by rats of the seed protein of the LGC-1 line, the low-
glutelin character of which is controlled by a single domi-
nant gene (lida et al. 1993), was found to be lower than that
of the original cultivar (Ishii et al. in preparation), and the
former is used as a breeding material for low-protein rice.

We crossed the mutant lines to combine the mutated
genes of glutelin. The developed ling, a-1,2,3less, which
is homozygous for glu-1, glu-2, and glu-3, had a low
amount of glutelin, but thetotal protein content of thisline
was not low being alittle higher than the original cultivar.
Instead of a decrease in glutelin content, prolamine and
globulin increased, asin LGC-1.

The densities of the 4 minor bands of the acidic sub-
units separated by SDS-PAGE are similar to each other,
and hence combination of the three mutant genes was ex-
pected to give a 75% decrease in glutelin. However, the
decrease in glutelin in a-1,2,3less plant was only 13%, as
the loss of function of the three glutelin genes was com-
pensated for by the other glutelin genes. Other mutant
genes should be found in order to obtain low-glutelin rice
by combination with these three mutated genes.
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Thelinea1,2,3lesswould be useful in for selecting mu-
tants lacking other glutelin subunits. We are trying to com-
bine glu-1, glu-2, and glu-3 with the mutant gene of L GC-
1 to develop aline having amuch lower amount of glutelin.
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