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Rice Production in Japan (2002)

» Total Land Area 37,780,000 ha
Cultivated Area 4,762,000 ha

Paddy ficid 2.607.000 ha

2

Rice cultivated Area 1,683,000 ha (64.6%)

( Upland rice field: 5,560ha)
* Average Yields (brown rice base)
Paddy rice: 5.27t/ha

Upland rice: 2.25t/ha




Problems in the Rice Production

*Overproduction
[ Decline 1n per capita consumption,
=59.7kg (2003) Peak=118kg (1964)]

*Decreasing or aging of rice farmers
*High cost of production

*Less diversity

Table 1. ~Qaadingf rice varieties in’ Japan (2004)« !‘

Variety Area | Year of |Cross Combination “
(1000ha) | (%)  Release
________ i {Koshihikari | 557.8 (37.7 | 1956 Norin22/Nerin1
2 Hitomebore 154.5  10.5 1991  Koshihikari“Hatsuboshi
3 iHinohikari 148.3  10.0 = 1989 Koganebare/Koshihikari
4 Akitakomachi 1304 : 88 1984 Koshihikari, Ouu 292
... (Total of top 4 varieties) 670 e
. . . ' : Shu2800. Hokuriku
5 (Kinuhikari 51.2 ‘ 3.5 | 1988 100//Mokuriku 96
... (Total of top 5 varieties) 710.5 N
.6 Kirara 397 48.8 3.3 1988 iShimahikari/Kitaake .
7 {Haenuki 43.9 3.0 1991 :Shounai 29 Akitakomachi
. ; Akitakomachi"Douhoku
8 Hoshinoyume | 387 ' 26 | 1996 g/ /Kirara 307 _ |
9 Tsugaru Roman 240 | 1.6 | 1995 Fukei 141 Akitakomachi
10

Nanatsuboshi 171 1.2 | 2001 Hitomebore ~Kukei90204A
’ ; //Akiho

| (Total of top 10 Varieties) 82.2




“Table 2, Leading Rice Varieties(1970) .= /'

N
-

i Vriety Area Yeaf of Cross combination
(1000ha; (%) Release
1 ‘Nipponbare 210.1 8.3 | 1963 Yamabico.Sachikaze
2 Honenwase 1655, 6.5 | 1955 (Norin 22 Norin 1
3 Koshihikari 150.1 5.9 1 1956 Norin 22_~Norin 1
4 Reimei 136.4 5.4 1966 Co60 mutant of Fujiminori
5 iSasanishiki 127.8 5.1 1 1963 Ouu 224~ Sasashigure
(Total % of top 5 varieties)E 31.2
"6 |Fujiminori 113.6] 45 1960 Norin 17./Fujisaka &
7 [Reiho 91.8 3.6 i 1969 Hoyoku.Avanishiki
. 8 [Kimmaze 55.7 2.2 | 1948 Ryosaku.”Aichi Nakate Asahi
9 Nakate-Shinsenbor ~ 53.1) 2.1 |
|10 ; Shiokari | 455 1.8 1963
' (Total % of top 10 varieties 45.4
(Total of 70 varieties : 0.0 >

Changes in blast resistance in Tohoku varieties (Higashi 1996)

 Area Resistance | Resistance
Year Variety (1000ha) |to leaf blast | to panicle b.
Toyonishiki 149 3 3
Sasanishiki 117 6 7
1975 Kiyonishiki 106 4 5
Reimei 65 3 3
Sasaminori 30 3 4
Fujiminori 26 3 3
Weighted mean 39 4.4
Hitomebore 117 6 5
Akitakomachi 102 5 6
Sasanishiki 74 6 7
1995 Mutsuhomare 47 4 4
Koshihikari 37 7 7
Haenuki 31 5 5
Weighted mean 5.5 5.7




Diseases: blast, sheath blight, strip virus,
bacterial leaf blight, bacterial grain rot...

Insects:BPH, GLH,

stem borer, leaf folder,
rice-bugs...

Abiotic stress:
cold damage , high temperature ...

Strategies of the Rice Breeding

« To utilize the paddy field more efficiently:

Y Late planting or seeding for double cropping
with wheat

Y Rice for WCS
* To expand rice demand:

YrNew traits; Low amylose, low gluterin,
hypoallergenic, colored grain, giant embryo

+ For reduction of labor and production cost:

Y Direct seeding, multiple resistance to pests
and diseases
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¢ Cold Region ¢ o
Cool Region
Temperate Region NARC for . !
‘ Tohoku Region NARC for
Warm Region Hokkaido Region

NARC (Hokuriku
Center)

NARC for Western
Region +

o National Institute
o Prefecture Institute

£53 NARC for Kyushu (funded by the National
@/ Okinawa Region Government)

Combining Palatability
and Disease Resistance
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Blast-resistant “Churahikari” does not
need chemical control of blast disease
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E :Apply for leaf blast

Apply for leaf & panicle blast

“Satojiman”, a new rice variety with
~excellent p -virus
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Palatability Test: Sensory
and Physicochemical Test
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bility Test of Rice Grains
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5. Universal Test

Tensipresser

Texture measurement of single rice grain
by a Tensipresser
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Fig.2. Effect of amylose and protein contents on cooked
rice hardness.

Cultivar name : o -Hinohikari o -Reiho a -Yumchikari m -Nipponbare

Number in the figure indicate fertilization plot.

** : Significant at 1%.
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Novel Palatability Sensing Systems

Midometer Taste Sensor Electronic Nose
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Relatidnship between Palatability and Mido value
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Results of Sensory Test (Overall Score)
1:Koshihikari, 2:UoKoshi, 3:Hitomebore, 4:Hinohikari, 5:Hatsu-
boshi, 6:Sasanishiki, 7:Chiyonishiki, 8:Hoshinoyume, 9:Kirara—
397, 10:Mutsuhomare, 11:Asanchikari, 13:Hatsushimo, 14:Naka
-shin, 15:Akebono, 16:Asahi, 17.Toyonishiki, 21:Kinuhikari

22:Nipponbare
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(a) (b)

Ag/AgCl electrode
[\ Saturated AgCl 3.3M KCI

i / Lipid membrane
R 3 _

3% Agar

g
¢

(a) Lipid membl"ane electrode

(b) Reference electrode

Principle Responses of the Taste Sensing System

Electrode Probes .

‘Lipid membrane

DRRTITROH

E—

lRécord Data
. Lo ' . ' : Electric Potential
Electric charge\ o ‘ . Response Pattern
\ 4 L S : (mV)

Changes in electric charge when tasty components be absorbed
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Genetic Analysis of
Palatability

Fukui Station

Koshihikari x Akihikari
excellent(2) - Acceptable(5)
Doubled haploid lines = DHLs 146 lines

Palatability Test
Stickiness . Chr. 2 and Chr.6 |
Appearance : Chr. 2 and Chr.6

Amylose content : Chr. 2 and Chr.6

c 14 .




Chromosomal Segment Substitution Lines (CSSL) for
QTL analysis of wild relatives and indica varieties

CSSL No.

1
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T
12 |
13 i
i wm

xx-2 PRMRbY
hY

Chr.2 Chr.3 Chrd - chri2
: Donor l:| : Japonica variety

— Analysis of complicated traits, such as
yield, eating quality, etc.

Influence of the gene for alkali
disintegration (alk) to palatability

1.3%KOH =

-~ Kasalath

~ Alkali disintegration (alk) -

Umemoto et al. 2002 Theor. Appl. Genet.

« 15




Selection of Near Isogenic Line (4lk)
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Eating quality and Alkali disintegration
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Stickiness ::::I Hardness
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No. of panel

o

Tt 0 1z 3 "2 om0 1 2 3
Not sticky Sticky Hard Soft
12
Palatability
8 Eating Quality of
NIL(Alk) compare to
4 Nipponbare

OS2 3-2-10 1.2 3 45
bad good




Eating quality and Alkali disintegration

20

Stickiness B hot

-
o

Hardness

No. of panel

o

-3 -2 -1 0 1 2 3 0 -3 -2 -1 0 1 2 3
Not sticky Sticky Hard ' Soft
12
Palatability
8 Eating Quality of
NIL(Alk) compare to
4 Nipponbare

~-5-4-3-2-10 1 2 3 4 5
bad ~ good
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Characteristics related to palatability

Physical characteristics
Amylose content

Aniyiopectin ?

Protein content

Protein ingredient (PBI, PBII) “

New-trait, multi purpose use
__ofrice

«18 s




Low amylose varieties |

Normal variety : 17~ 23%

Low amylose 97 12%)| [Hokkaido]
DS Aya,
[Tohoku Region] Hanabusa
Snow Pearl, Yukinohana
Silky Pearl
[Hokuriku Region]
Asatsuyu,
Soft 158 ;
‘ ' [Kanto & West
[Kyushu Region]| | . Region]
Yawara- ‘ Mllky Qlleell,
komachi Milky Princess,
. LGC Soft

Super long chain of amylopectin

500
Amylose R
— U 400 | IYumetoiroé
- (SLC 1257
Amylopectin
—_
e -
ey N -
......... : h_J ?J 0

Super long
chain (SLC)
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Giant Embryo Variety

Haiminori

Koshihikari

“Haiminori”

Gaba
Content
(mg/ ‘03
100g)
307
g
Wi & A8
Before 1 hour 4 hours
L. soaking _ aftersoaking......
Accumulation of ¥-amino
butyric acid (Gaba)

Note) Red:Haiminori,
blue:Nipponbare white:Koshihikari

-20-




Low glutelin rice varieties

* Unchanged total protein content
* Decrease rate of easy digestion.
* Increase rate of hard digestion.

» Varieties:
LGC-1. Shun-you
+Good eating quality
adding low amylose trait
LGC-Soft

b
A

p Sk

PR BANSOS~PLGE

[ E 3~

RER Y]

Reducing Low glutelin+ Lacking 26kDa globulin
— 50% decrease
L.GC-Katsu, LGC-Jun

= 2] .




Various color rice, Purple "Red " /¢!/lv:y

[Purple-black rice
" l:‘{[},' VT‘{":;

],

Fne
S

A Pericarp of brown rice
contents coloring matter.

Purple-black rice: Anthocyan

Red rice: Tannin

‘ﬁ Akitakomachi
s g

A Rich vitamin, iron and other

minerals.
A It is expected as diet food.

[Varieties]
P-B rice: Asamurasaki, etc.
Red rice : Beniroman, Benigoromo '

=22




“ . .
Benizomemochi”

(Glutinous)

Benizomemochi

Japanese Traditional Rice Cake Made

Steamed Rice P

" Genetic Engineering

» 23 .
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AS:Anthranilate W f
. [ UC)-L,»(l‘—coon
\ . | | NH;
N

Chorism}a'te = Aé > Anthranilate —> —> Tryptophan

Feedback regulation / H
Modify  / .Feedback = |
)/ linsensitive AS'

Modified AS « subunit
OASA1D

| Y
PNICSY | memeer,

*High tryptophan rice in field

*Transgenic rice for pollinosis, diabetes etc. are
being developed at the National Institute of
Agrobiological Science (NIAS).

« 24 .




Genomic Breeding

Developing CSS lines « . Donors

from distant donors
| /

QTL amalysis Cloni [

! / oning of genes
Selection of lines/NiILs l’,
with QTL or genes as Developlflg
“breeding units” transgenic plants

Analysis of gene network

¥ 4 v New rice
Pyramiding QTL or genes varieties

= 25




