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Synopsis

0 O To breed rice varieties for direct seeding culture in Japan, the introduction of low temperature
germinability (LTG), seed longevity and accelerated coleoptile growth from foreign varieties to
Japanese elite varieties is necessary. However,undesirable traits in foreign varieties, such as, low
yielding ability and bad grain appearance, make it difficult. To overcome this difficulty, we tried to
establish backcross breeding to introduce these traits with marker-assisted selection (MAS). The
objectives of this study were to identify quantitative trait loci (QTLs) for LTG and seed longevity
using backcross inbred lines derived from a cross between indica and japonica varieties in order to
facilitate MAS of these traits. Five putative QTLs controlling LTG were detected on chromosome 2,
4 and 11. The QTL with the large effect for seed longevity was detected on chromosome 9.
Moreover, we bred a near isogenic line for coleoptile growth by backcross between Kitaibuki as the
recurrent parent and Arroz da Terra as the donor parent to have longer coleoptile and higher
seedling establishment rate than Kitaibuki.

O O From the above experimental data, I conclude that backcross breeding with MAS is effective
to introduce genes for adaptability to direct seeding from foreign varieties in Japanese rice breeding

programs.

Key words: Direct seeding culture, Germination, Rice (Oryza sativa L.), Quantitative trait loci,

Marker-assisted selection, Low temperature germinability, Seed longevity, Coleoptile
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Summary

Genetical Studies on Germination of Seed and
Seedling Establishment for Breeding of Improved

Rice Varieties Suitable for Direct Seeding Culture.

Kiyoyuki Miura

Department of Hokuriku Rice Research, NARC
1-2-1 Inada, Joetsu, Niigata, 943-0193, Japan

0 For the establishment of direct seeding culture to
reduce rice production costs in Japan, breeding rice
varieties exhibiting a high seedling-stand is a high

priority. We recognize three traits to be necessary for

rice varieties with stable seedling establishment; low
temperature germinability (LTG), seed longevity and
accelerated coleoptile growth. The introduction of these
traits from foreign varieties to Japanese elite varieties
is necessary to breed varieties for direct seeding culture.
However,undesirable traits in foreign varieties,such
as,low yielding ability and bad grain appearance,make
it difficult. To overcome this difficulty, we tried to
establish backcross breeding to introduce these traits
with marker-assisted selection (MAS). The objectives
of this study were to identify quantitative trait loci
(QTLs) for LTG and seed longevity using backcross
inbred lines (BILs) derived from a cross between
indica and japonica varieties in order to facilitate MAS
of these traits and to confirm the efficiency of backcross
breeding to introduce accelerated coleoptile growth
into japonica elite varieties from foreign variety. Here

the results are summarized.

1 . Conditions of low temperature treatment for the
induction of secondary dormancy

O Some foreign varieties were able to go through

secondary dormancy at low temperature. Secondary

dormancy was induced by temperature treatments in

the range of 800 to 190 . Therefore, secondary dormancy

should be an inevitable problem in case of estimating

low temperature germinability.

@ . Screening of varieties able to go through
secondary dormancy

00 81 varieties to be estimated to have a low level of

LTG were used to screen the varieties for the induction

of secondary dormancy. Among the varieties, 8 varieties

were found to go through secondary dormancy. These

varieties originated from India.

[3 . Role of husk, pericarp and testa in the induction
of secondary dormancy

(0 Secondary dormancy was induced at a low temperature

even in the dehusked seeds. Peeling of the pericarp

and the testa from the dehusked secondary dormant

seeds enabled the seeds to completely recover their

43



ooooooooooobooboobooboooOmo

germinability. The results indicated that the pericarp

and the testa played an important role in the induction

of secondary dormancy.

4 . Effect of temperature during the ripening period
on the induction of secondary dormancy
The induction of secondary dormancy was affected

by the temperature conditions during ripening. A
deeper secondary dormancy was induced by high
temperature. A preliminary test of breaking of
dormancy should be carried out to estimate the low
temperature germinability in consideration of the
effect of environmental condition] in particular the
temperature during the ripening period.

B . Re-assessment of rice genetic resources for low
temperature germinability after removing the effect
of seed dormancy
140 varieties previously estimated for LTG were re-

assessed. The varieties with high germination rate at

low temperature after removing the effect of seed
dormancy belonged to indica varieties originating from

India, China and Korea. Their LTG were, same level as

Italica livorno and Arroz da terra utilized as parent for

the improvement of LTG in rice breeding programs,

higher than LTG of japonica varieties.

B . Mapping QTLs controlling LTG

O QTLs controlling LTG in rice were identified using

98 backcross inbred lines (BILs) derived from a cross

between a japonica variety Nipponbare and an indica

variety Kasalath in order to facilitate MAS of LTG in
japonica rice varieties. Five putative QTLs, qLTG-2,
gLTG-4-1, gLTG-4-2, qLTG-5 and qLTG-11, were detected

on chromosome 2 (G1327: nearest marker locus), 4

(two regions,C946 and C513), 5 (R830) and chromosome

11 (G1465). In the case of LTG-2, qLTG-4-1 and qLTG-

11, Kasalath alleles increased the LTG, while Nipponbare

alleles increased it in the case of gLTG-4-2 and gLTG-5.

The effects of them were verified by using chromosome

segment substitution lines and plants.
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(@ . Screening of rice genetic resources for seed longevity
O 162 varieties from all over the world were used. The
results of screening showed that the varieties originating
from India had long seed longevity and Japanese varieties
had poor seed longevity. The varieties originating from
India should be suitable as parents for genetic analysis
and breeding of seed longevity.
B . Mapping QTLs controlling seed longevity
00 QTLs controlling seed longevity in rice were identified
using 98 backcross inbred lines (BILs) derived from a
cross between a japonica variety Nipponbare and an
indica variety Kasalath originating from India in order
to facilitate MAS of seed longevity in japonica rice
varieties. Three putative QTLs for seed longevity, qLG-
2, gLG-4 and gLG-9, were detected on chromosome 2,
4 and 9, respectively. Kasalath alleles increased the
seed longevity at these QTLs. QTL with the largest
effect, gLG-9, explained 59.5% of total phenotypic
variation in BILs. The effect of Kasalath allele of qLG-9
was verified by using chromosome segment substitution
lines. Based on the comparison of chromosomal location
of QTLs for seed longevity and seed dormancy, these
traits seem to be controlled by different genetic factors.
@ . Introduction of accelerated coleoptile growth by

backcross breeding into Japanese elite rice

A near isogenic line for coleoptile growth, bred by
backcross between Kitaibuki as the recurrent parent
and Arroz da Terra as the donor parent, had longer
coleoptile and higher seedling establishment rate than
Kitaibuki. From the results, a large contribution of
coleoptile growth to the seedling establishment in
direct seeding culture in submerged field under cool
condition and the efficiency of the backcross method to
introduce accelerated coleoptile growth were confirmed.
O From the above experimental data, | conclude that
backcross breeding with MAS is effective to introduce
genes for adaptability to direct seeding from foreign

varieties in Japanese rice breeding programs.
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