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Fig. 1. Frequency distribution of the Z; score to differentiate indica .".é 20
and japonica and the Z, score to differentiate tropical(Tr)- 2 151
Japonica and temperate(Tm)-japonica. 10
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Fig. 2. Frequency distributions of 103 Japanese native lowland rice
varieties. Open and filled bars indicate Tm-japonica (101
varieties) and Indica (two varieties), respectively. Top:
number of large vascular bundles in a peduncle (Vb), Middle:
number of primary rachis branches (Rb), Bottom: ratio of Vb
to Rb (V/R ratio).
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Fig. 3. Decrease in number of large vascular bundles (Vb) in each
rachis node.
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Table 1. Origin and grain shape of high V/R ratio Tm-japonica varieties derived from Japanese native lowland rice and comparative varieties

V/R ratio Characters of hulled grain shape
Native or .
ari 1 : :
Type Variety JP No. improved Origin 1997 2006 Length (A) Width (B) B
(mm) (mm)
Tm-japonica Enshuu 9430 Native Nara 1.51 1.37 5.6 3.0 1.87
Takayama mochi 6320 Native Toyama 1.56 1.41 5.0 32 1.56
Mizukuchiine 7366 Native Yamanashi 1.65 1.61 5.0 3.1 1.61
Fukuyama 6350 Native Niigata 1.66 1.51 5.1 32 1.59
Tm-japonica Koshihikari — Improved Fukui 0.94 1.00 49 29 1.69
Sasanishiki — Improved Miyagi 1.08 1.04 5.0 2.8 1.79
Indica Habataki — Improved Niigata — 1.97 5.6 2.6 2.15
U Collection number of National Institute of Agribiological Sciences Genebank in Japan.
Table 2. Agronomic traits of high V/R ratio Japanese native lowland rice varieties and comparative varieties
Type Varie Heading Culm length  Panicle No.ofpanicles Panicle  Endosperm Shattering  Sprouting
P ty date (cm) length (cm)  perplant  weight (g) type resistance? resistance®
Tm-japonica  Enshuu 8.2 95 22.7 8.6 1.9 g 4 7
Takayama mochi 7.29 88 22.9 8.2 2.4 g 3 6
Mizukuchiine 7.28 92 23.0 8.8 2.5 g 3 7
Fukuyama 7.29 95 23.9 7.8 2.7 g 3 6
Tm-japonica  Koshihikari 8.8 82 17.6 13.8 2.1 n 3
Sasanishiki 8.3 72 18.8 12.9 2.1 n 7
Indica Habataki 8.5 67 222 7.2 37 5

D g: glutinous, n: non-glutinous.
2 3: strong, 4: slightly strong and 5: medium.

3 3: strong, 4: slightly strong, 5: medium, 6: slightly weak and 7: weak.

Table 3. Degree of field resistance to rice leaf blast of high V/R ratio varieties classified into Tm-~japonica derived from

Japanese native lowland rice and comparative varieties

Score for field resistance  Level of field resistance

Type Native or improved Varieties
Tm~japonica Native Ensyuu — —
Native Takayama mochi 5.0 Strong
Native Mizukuchiine 5.0 Strong
Native Fukuyama 5.7 Strong
Tm-japonica Improved Toyonishiki 5.7 Strong
Improved Nipponbare 6.7 Medium
TImproved Koshihikari 8.3 Weak
Indica Improved Habataki True resistance —
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Fig. 4. Scatter diagram of V/R ratio and seed fertility in F,
populations derived from Hokuriku 193 (Indica)/Koshihikari
(Tm-japonica) and Dontokoi (Tm-japonica)/Mizukuchiine
(Tm~japonica). Open and filled circles indicate the F,
population from Hokuriku 193/Koshihikari and Dontokoi/
Mizukuchiine, respectively.
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BRIV IDRENT END, POEND
KRLTH - T,

EE

1 BRERKEREN O RHEh ST RIEREDOH
3
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G & MW & DBt D, 4 v FETIREHER L,
A CHMEEER b L s 2 ERmL, &b
12, Fukuyamaetal. (1999) 131 v FEI OB R L D
B, RICBFEARAE , B HARSEIR I
W EEHREL TS,

InbOWE LESBOERIBUR—HK L TWH 5
HAE AR EC I, BHEHAR A hrbD
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Wi A v PR & — i oRE B AR S EONFE L

BREE RO v PG, BT ARk
DWTIE, B (1974), BE - /DI (2004) 7Ltk o T
HALNCIRT WS, Tihbb, ChbOFETAER
LIRS A v FRIREC, 852 hEMDEA IR,
BRI T TR AR TEE ST L Bbh 5.

—7%, GEEREDOBR®E AT 4 BfEcowTi,
1962 ~ 1965 ST TIRE I R TR H  (BMKER
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Table 4. Shattering resistance and grain shapes of selected plants with V/R ratio (1.4<) and seed fertility (90%x<) from two F, populations and parents

Characters of hulled grain shape (n=20)

. . Seed fertility . .
1)
Population or parents V/R ratio %)) Shattering resistance? Length (A)  Width (B) B b
(mm) (mm)

Dontokoi/Mizukuchiine F, 1.40 95.7 3 4.92 2.99 1.65 14.72
1.56 94.4 3 4.72 3.07 1.54 14.47

1.60 93.8 3 4.87 3.02 1.61 14.71

Hokuriku193/Koshihikari F, 1.55 94.9 4 5.51 3.00 1.84 16.57
Dontokoi 1.00 97.0 3 4.99 3.00 1.66 14.95
Mizukuchiine 1.56 94.7 3 5.00 3.19 1.57 15.94
Koshihikari 0.92 96.6 3 4.95 2.98 1.66 14.77
Hokuriku 193 1.95 96.2 4 5.90 2.73 2.16 16.14

D Values of parents were mean of 4 plants.
9 3: strong, 4: slightly strong and 5: medium.
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Er LSS Fig4), WThoF, EEGHEEREL
ERFERCIMEARRD LRI LD, RENERIF
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LTHHAT 51, BET 2L BLZE L0,
HEETY SRR LT, ERERY 1 A2 KREST5
DEND L. i, FHERETEE, —REFEREES
75 QTL Oz % <, BHEEERCFET S (Sasahara
etal. 1999) T Enb b, BEEMY A XKLL KELT
HBULERDD. Lichh-T, BREEKOHEBERD
EEEREOBENEA IR, o, FRUAOBE R
BAE D A AKFRGRE OBt 2R X (B 2 B 5
AR THLHbIE, AL LT v FEIRELFIR
THIDL, SBERLOBFAAMRELFIAT S
DV OMREER L BEMGELE L SR REAE
WEEZ BB,

EHEE R A OB B X B HA KGRSO E M [ L
DO E 2 o5 E, AMRCRCRE LCHETR
HomsmeESHARSE L, #ERROBREKC X 2HE
DHAKEGSED L ) —BoLbx BT L CER
BEERED EHEFEI RS,

B

FEATRBEREET AR ICOYRTE L FE 0%
M EoRE, Hift, BUEMRE, #EHRORA
HET, WEMERYS (4R OREOBERCIIBES
Hostiiicico o, hREFREWME L v & — Lk
ey a— FEHEAMBRAR X OIRFEBE BRI
TEREEE, AESZ TR . S CELTE
HOBRETS.

5| A3k

& B (1974) BARFKE. HELBEHRR, B 265271

RE B KEER (1997) 1 F s 3 2 Bilh o KHEE R OER
Lot o RFEER. AIFER 66: 24-28.

RE B (2003) KRBk 5 OBV L HEERAER. BIE
f272 (B 1) :340-341.

Fukuyama, T. and T. Takayama (1995) Variations of the vascular
bundle system in Asian rice cultivars. Euphytica 86: 227-231.

NI | -El ectronic Library Service



Japanese Soci ety of Breeding

A ALERAR A S RS Wl B RS O 4 7

Fukuyama, T., H. Sasahara and Y. Fukuta (1999) Variations of vascular
bundle system corresponds to indica, tropical- and temperate-
Japonica differentiation of Asian rice (Oryza sativa L.). Breed.
Sci. 49: 15-19.

R (1976) KTEOKMEERB & ORI T 295,
13 BoXHMEERE L SR L ok BIERT 45:322-327.

BOIERE - /NRFEE (1995) v b bREBEI T —HkERE
AFBRE7 =277 BRI v 2 —BREEH 30: 6-9.

EEEH - /PIEE 2004) BAEC R 2 FRKBEOEL LK
EOWRES. BIFR 73: 137-147.

BETEL - EES - /MART (1987) LA ERED Bl R
DN 8. EREENREOREMEIC K T 5 KT R &
FDOREE. BFfLS56 (M 2) :55-56.

IOEESER /NI 18- TR SEON (1928) MR OREE LY R
fe MmO BRI €. JURBES MR 3:132-147.
Nakagahra, M. (1972) Genetic mechanism on the distorted segrega-

tion of marker genes belonging to the eleventh linkage group in
cultivated rice. Jpn. J. Breed. 22: 232-238.
Nakagahra, M., T. Omura and N. Iwata (1972) Gametophyte genes

BEMOKERAT 2 EE BB (1970) BB 37 ~ 40 SR L Lich i
E oo R E. BEHRTFEAER No. 2.2-108.

M Z—954) ES Rk BREOSH Fo@ RS
BoRFIEEN T FHE3: 1-6.

Oka, H.I. (1957) Phylogenetic differentiation of cultivated rice. XV.
Complementary lethal genes in rice. Jap. Jour. Genet. 32: 83-87.

Okuno, K. (1985) Complementary recessive genes controlling hybrid
breakdown found in a varietal crosses of rice. Rice Genet. Newsl.
2:52-54.

Okuno, K. (1996) Partial cross-incompatibility in cultivated rice. Rice
Genet. Newsl. 13: 117-118.

Okuno, K. (1999) Geographical distribution of genes causing hybrid
breakdown in varietal crosses of Asian cultivated rice. Genetic
Resources and Crop Evolution 46: 13-17.

FERIER - fRILFIE (1999) BAR A & I s 0 2 EMRE R
R LIRS & OBk BRI 1 77-81

Sasahara, H., Y. Fukuta and T. Fukuyama (1999) Mapping of QTLs
for vascular bundle system and spike morphology in rice, Oryza
sativa L. Breed. Sci. 49: 75-81.

and their loci on the eleventh linkage group of cultivated rice.
Jpn. J. Breed. 22: 305-312.

EREE—RF (1991) 7 2 7 #RIERED Indica-Japonica fuERFIC 3 1)
LB DR B 41 121-134,

Breeding Research 11: 1-7 (2009)

Utility of Japanese native lowland rice varieties with high V/R ratio as breeding materials

Hideki Sasahara'?, Akiko Shigemune?, Akitoshi Goto?, Kiyoyuki Miura® and Toshinori Fukuyama®

D National Agricultural Research Center (Hokuriku Research Center), Joetsu 943-0193, Japan
D Graduate School of Science and Technology, Niigata University, Niigata 950-2181, Japan
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In order to identify the genetic resources of rice varieties with higher translocation efficiency, the ratio of a
number of large vascular bundles in the peduncle (Vb) to that of the primary rachis branch (Rb) (V/R ratio)
was investigated in 103 varieties of Japanese native lowland rice. We found 6 high V/R ratio (<1.5) varieties,
which consisted of two indica varieties and four temperate (Tm)-japonica varieties. The course of the Vb in
the rachis of the Tm-japonica varieties with a high V/R ratio was compared with those of an indica variety,
Habataki (V/R ratio=2), and of a Tm-japonica variety, Sasanishiki (V/R ratio=1). Varieties with a V/R ratio of
1.5 showed characteristics between Habataki and Sasanishiki in the course of Vb. Because of reproductive
barriers between indica and japonica, and undesirable traits of indica, for example, the shattering habit of
spikelet and grain shapes, it is difficult to use indica varieties directly as materials for introducing a high V/R
ratio. In fact, high V/R ratio plants were segregated in higher frequency in the F, population of indica/Tm-
Japonica than that of the Tm-japonica/high V/R ratio Tm~japonica, but their seed fertilities were quite low. On
the other hand, the F, population of the Tm-japonica/high V/R ratio Tm-japonica segregated some plants with
a V/R ratio higher than 1.5 and normal fertility. Therefore, the Tm-japonica varieties with high V/R ratios
identified in this study may be useful materials for breeding varieties with high yielding ability by improving
the vascular bundle system.

Key Words: high yielding ability, Japanese native lowland rice, temperate-japonica, vascular bundles, V/R
ratio.
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