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Ahstract

Two lines of rice, Tanke: 1215 and 2019 with a low amylose content were registered as breed-
ing materials in 1992, There lines were selected in the progeny follewing the treatment of the
Japanese rice cultivars, Kinmaze and Kochthibila with methyl-nitroso-urea (2. Tankes
1515 was characterized by a dull endosperm which could be distinguished from wazy and non-
waxy endosperms. The amylose content of Tanket 1915 was 9.2%, half of the content of the
parental cultivar, Kinmaze. The line harbors the du-J gene which 1s responsible for lowering
the amyloze content andis lecated at a locus independent of the waxy (wx) locus on Chromoe
some 6. The other line, Tanke1 2019, was characterized by a dull endosperm which 15 visually
similar to the wazy endosperm. The amylose content of Tankei 2012 was 6.3%, one-third of
the content of the parental cultivar, Kochihibila, This line harbors the du-2 gene which 1s
responsible for the decrease of the amylose content and is located at a locus independent of the
wx and dru-7 loct. The new type of endosperm starch of rice grains may contribute to the im-
provement of the eating quality of cooked rice and the development of new products in the

food industry.
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Introduction

Starch which is abundant in reserve tissues of
plants, is a major polysaccharide consisting of amy-
lose and amylopectin molecules. Amylose is a long
linear chain primarily formed by o-1,4 glucosidic
linkages with a small number of branching points.
Amylopectin has a branched structure with «-1,4 and
a-1,6 glucosidic linkages. Starch in the nonwaxy
endosperm contains both amylose and amylopectin,
whereas starch in the waxy endosperm contains only
amylopectin and lacks amylose, or contains a small
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amount of amylose.

Waxy and nonwaxy endosperms of rice are con-
trolled by the wx locus on Chromosome 6. The two
different alleles, Wx* and Wx"® at the wx locus
regulate differently the Wx gene expression which
is closely related to amylose production in rice
endosperms”. Compared to Wb, Wyt markedly
increases the level of starch granule-bound Wx pro-
tein which is the gene product of the wx locus as
well as amylose content. Wx?® is common to wild
species and Indica cultivars of rice, whereas Wxb is
widely distributed in Japonica cultivars™.

Since the late 1970s, new starch characteristics of
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rice endosperm have been selected in the progeny
treated with radiations and chemicals’ *”. A mutam
expressing dull endosperm was characterized by a
low content of amylose and by the absence of
remarkable changes in amylopectin in endosperm
starch ™., Genetical analysis led us 1o conclude that
the decrease in the amylose content in the dull mu-
tant was controlled by a du gene which is located
at a locus independent of the wx locus on Chromo-
some 6", This finding indicated the existence of
new genes related to amylose production in rice en-
Five du loci controlling the differences
in the amylose content have been identified so Far '™,
suggesting that the combination of different div genes

dosperm.

with the Wy gene could broaden the genetic varia-
tion ol amylose content in endosperm starch of rice,

The amylose content in endosperm starch is con-
sidered to be one of the major determinants of eat-
ing, cooking and processing qualities ol rice grains.
In particular, rice breeders in Japan have centered
their attention on the development of new rice culti-
vars with low amylose content in recent vears. The
authors have induced low amylose mutants by using
chemical mutagens and investigated their characteris-
tics in the following generations.

This paper reports the characteristics of low amy-
lose lines and their use in rice breeding.

A low amylose line bearing du-/, Tankei 1915

A low amylose line, Tankei 1915, was bred from
the progeny of the cross between dull and floury
mutant lines induced by the treatment of fertilized
cegs of a nonwaxy rice cultivar, Kinmaze with
methyl-nitroso-urea (MNU).

The line was evaluated for several agronomic traits
in a paddy field. Mature grains were gelatinized
overnight in IN potassium hydroxide at room tem-
perature after milling. The amount of amylose was

Table 1.

Amylose i
Heading

Materials content ;
time
(%)
Tankei 1915 9.2 Aug. 30
Kinmaze 19.4 Aug. 30
Tankei 2019 6.3 Aug. 22
Kochihibiki 21.5 Aug. 21

Culm
length

{em)

93
78

71

6y

103

colorimetrically determined using an autoanalyzer.
The amylose content was calculated on a dry weight
basis. Environmenmal changes in the amylose con-
tent were also investigated using rice plants which

ocations from the northern to
the southern part of Japan; Sendai, Joetsu {two
sites), Nagoya,
Fukuoka and Okinawa. The amylose content was
determined as mentioned above.

Rice grains ol Tankei 1915 were characterized by

were grown al nine

Tsukuba, Mishima, Kurashiki,

a dull endosperm which could be distinguished from
that of Kinmaze (Plate 1). The amylose content of
Tankei 1915 ranged rom 6.8 to 11,0% [or 5 years
from 1986, being 9.2% on the average (Table 1).
The amylose content of Tankei 1915 was one-half
ol that of the parental cultivar, Kinmaze (19.2%).
Based on the analysis of crossed seeds between
Tankei 1915 and each of the testers with five differ-
enl du genes, this line was found 1o harbor the du -1
gene which is responsible for lowering the amylose
content. The du -1 gene expression in Tankei 1915
was markedly affected by the temperature during the

Plate 1.

Rice grain of low amylose line, Tankei 1915
(lef1) and its parental cultivar, Kinmaze
(right)

Characteristics of low amylose lines of rice

Panicle No. of Yielding

length panicles ability
(em) { /m”) (kg/a)
20.7 234 45.7
21.3 405 46.3
21.4 193 41.3
21.1 148 47.5



104
r=-0.8]5%*
10}-®
= 9
i
- ® ® @
g
£l ®e
£ ¢
g or ®
] @
5|
L i I L L i

1

8 19 20 21 220 23 24
Average daily temperature

during the 30-day period alter heading(¢ ()

Fig. 1. Relationship between amylose content
and temperature during the grain filling
period in a low amylose line, Tankel 1915

arain filling period (Fig. 1), as reported in low amy-
lose mutants with a different genetic background ",

As shown in Table 1, there was no dilference be-
tween Tankei 1915 and Kinmaze in terms of head-
ing time and panicle length. Tankei 1915 was 15
cm taller and bore fewer panicles than Kinmaze. The
yielding ability of Tankei 1915 was similar to that
of Kinmaze.

Tankei 1915 was registered as *‘Rice Breeding
Material No. 13" by the Ministry of Agriculture,
Forestry and Fisheries (MAFF) in December, 1992,

A low amylose line bearing du -2, Tankei 2019

A low amylose line, Tankei 2019, was selected in
the progeny alter treatment of flertilized eggs of a
nonwaxy rice cultivar, Kochihibiki with MNU. M,
seeds on My plants were observed for endosperm
characteristics, Mutant lines sclected for dull en-
dosperm were genetically lxed in the following gener-
ations. One of them was named Tankei 2019. The
agranomic traits and amylose content of Tankei 2019
were compared with those of the parental cultivar,
Kochihibiki, as reported previously.

The grains of Tankei 2019 were characterized by
a dull endosperm which was more similar 1o the waxy
endosperm than to the nonwaxy endosperm (Plate
2). The amylose content of Tankei 2019 ranged from
5.0 10 9.0%, with a 6.3% value on the average
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Plate 2. Rice grain of low amylose line, Tankei 2019
(left) amel its parental cultivar, Kochihibiki
(right)

(Table 1). The amylose content of this line was
about one-third of that of Kochihibiki (21.5%).
Allelism tests in Tive du loci indicated that Tankei
2019 carries the du -2 gene which is located at a locus
independent of the du-/{ and wx loci.

There were no significant differences between
Tankei 2019 and Kochihibiki in terms of heading
time, culm length, panicle length and number of
panicles (Table 1). Tankei 2019 may become a
promising semi-dwarl low amylose line, though the
yielding ability of this line is slightly lower than that
of Kochihibiki.

Tankei 2019 was registered as '‘Rice Breeding
Material No. 14" by MAFF in December, 1992,

Use of low amylose lines for rice breeding

Rice is consumed almost exclusively in the form
ol grains in contrast to other major cereals of the
world. Since the 1980s, overproduction of rice has
become an important problem in Japan. In this
country, waxy and nonwaxy grains are used as raw
materials for the brewing, confectionery, seasoning
and other industries and as staple food. The use
of rice grains in the food industry is still limited,
accounting for about 10% of the annual rice produc-
tion. One of the major objectives in rice breeding
programs is the selection of new gene donors to
diversify the use of rice grains. Such approaches may
enable to address the current problem of overproduc-
tion of rice in Japan.

Among the new gene donors, the du genes which



lower the amylose content in endosperm starch are
likely to play an important role in rice breeding.
The authors have developed two low amylose lines
with

different ew genes. These lines are considered to
be useful breeding materials for improving the cat-
ing or cooking quality and also for developing new
rice products.

In general, Japanese consumers prefer more vis-
cous cooked rice as staple food. Since there is a
negative correlation between the viscosity level of
cooked rice and the amylose content, rice breeders
have concentrated their efforts on the breeding of
cultivars with low amylose content. For example,
rice grains produced in the northernmost island,
Hokkaido, contain about 5% more amylose than
those produced in other regions™, This difference
depends on the effect of the temperature on the
expression of the Waxy gene at the wxy locus™.
Cooler temperature during the grain filling period
in Hokkaido affects considerably the increase of
amylose content. Rice breeders in Hokkaido have
made utmost efforts to improve the eating quality
of rice grains produced thereby using the du genes.
Recently good results have been achieved using an
unknown du gene. The first low amylose cultivar
designated as Aya was released in 19917,

On the other hand, low amylose lines have also
been considered to be useful for diversifying the
characteristics of rice grains. These lines have been
tested lor their quality as raw materials in the food
industry.  Out of them, Tankei 2019 is likely to
produce a new type of rice cookies. Thus, the use
ol the di genes may enable to diversify the amylose
content of starch accumulated in rice endosperm and
the characteristics of rice grains.
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