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cist and plant breeder who made major contributions to our 
cytotaxonomy and origin of cultivated rice. The first 

; 1im in 1930ふ Heobtained rice triploids from the 
and iso!at叫 8trisomics from the progenies of 

On the basis 
sativa, 0. 

and 

center 

Dr. 
the genome 
。鼻 satiliaand 0. ., 
He classified the tropical rice cultivars 

and hypothesized that the 
to the southeast of 

Dr. Morinaga detected 恥tweengenes for purple leaf color and 
933 and studied linkage relations t;etween many rice markers in 

condition in 

Dr. K名 Ramiah

Dr. Krishnas¥¥rami Ramiah, a world renowned rice breeder and 
his scientific career in 1914 when he joined the staff of the Coimba-

tore. He was the first scientist in India to begin the systematic hybridization programme in nee. 
Prior the first crosses he made in 1917-18, rice varietal improvement in India was mainly limited 
to pureline selection. Dr. Ramiah was deeply interested not only in varietal improvement but in 
understanding the genetic basis of yield, pest resistance and grain quality. Soon after the 
of Muller and Stadler of the mutation-inducing properties of X-rays, he initiated studies on 
induced variability in rice. 

Dr. Ramiah was the founder director of the Central Rice Research Institute (CRRI), Cuttack. In 
1949. he led the F AO-sponsored International Rice Commission. He inspired the FAO sponsored 
program on indica-japonica hybridization for developing nitrogen responsive varieties of rice for 
the tropics which resulted in the release of Mahsuri and Malinja in Malaysia and ADT 27 in India. 

As FAO expert with headquarters in Bangkok, Dr. Ramiah travelled widely in rice growing 
countries and stimulated Government support for rice research and development. Dr. Ramiah is 
the author of Rice in Madras and Rice Breeding and Genetics. He was the first geneticist who 
advocated the standardization of gene svmbols in rice. Dr. Ramiah has received numerous honors 

nationally and 
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Dr. Nelson E. J叫叩

Nelson farmhぃusenear :':1andusky, Ohio、USA
(、ifNebraska in 

andさtationedat North Platte, Nebraska. 
from the University of Nebraska in 1932 and later studied at Corn叫
of Minnesota, In 1933, he was transferred to Rice Research 

in rice varietal work for over half a century. He 
Nato, Satarロ恥Ha.Torn. LAllO 

Concurrently, he pioneered the studies on linkage groups of nee. He collected very useful 
marker gene stocks which included a set of linkage testers for 11 of the 12 linkage groups. His was 
the only collection of rice mutants in the USA. He also nioneered the studies on inheritance of 
disease resistance in rice. 

At the invitation of FAO and in collaboratwn with R M. Takahashi and others 
he prepared a proposal for the standardization of gene symbols in rice. This proposal was dis-
cussed and accepted at the 1959 meeting of the Working Party on Rice Production and Protection 
of the International Rice Commission held at Peradeniya, Sri Lanka. He also participated in the 
symposium on Rice Genetics held in 1963 at IRRI and the XIIth International 
held in 1968 at Tokyo and coordinated efforts to standardize the rice gene 
In recognition of his outstanding contributions to rice geneticヽ and

honored Dr. Jodon by conferring upon him the Doct、orof Science 
of 11 other awards 

Dr. S. Nagao 

f'akahashi) 

Seijin Nagao was born in 1901 in Tokyo. He was the eldest son of L:zan Nagao, an eminent 
scholar of Chinese classics. He majored in plant breeding at the Agricultural College of Hokkaido 
Imperial University, and continued research in cytogenetics at Kyoto「niversityas a graduate 
student. He obtained doctor's degree in science in 1933 with a thesis on polyploidy in narcissus 
which was considered a pioneering work on cytology of triploids. 

Dr. Nagao joined the faculty of the Hokkaidoじniversityin 1935 as associate profe,;sor and 
was promoted to professor in 19:19. He published "Genetics and Breeding in Rice" in 1935 which 

was the first book on rice genetics in Japan. In this book he proposed standardization of gene 
symbols. He started investigations on gene analysis in rice as one of main research activities of the 
Plant Breeding Institute. His earlier work was published in Advances in Genetics. Vol. 4 (1951), 
entitled "Genie analysis and linkage relationship of characters in rice". The genes for coloration of 
organs reported by him became widely known and were often used as markers in linkage studi店

In 1963 he co-authored "Trial construction of twelve linkage groups in Japanese rice" with Man-
emon Takahashi. Dr。Nagaoreceived the Japan Academy Prize in 1965, and was elected to be 
academician in 197~'3. 

(M. Takahashi) 
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for differ色ntgenes. To 
for rice in Japan, Dr. H. L Oka organ・ 

scientists m !97り Thecommittee has met two or three 
of rules of ge加 nomenclaturesuggested e.arlier. The gene 

of the IRCrecommended rules have been review国 In

At a committee meetmg held at Kurashiki 
h3shi to publish a rice genetics newsletter, like that for 

Dr. G. S. Khush wrote to Dr. T. Kinoshita in 

expenses 
1984、thecommittee 

T .. 

was suggested Dy ur. Kyunei Taka心

, on an international basis. ln 

1982 about the need for an 

newsletter be 

discussed and acknowledged at the Octo恥rmeeting of 
l侶3,Dr. M. Takahashi asked a number of rice 

of publishing a rice genetics newsletter and holding a 
The responses were favorable and the matter was further discussed 

G. S. Khush, and H L Oka during I汀 Oka'svisit to IRRI in 
to publish the first issue of the Rice Genetics Newsletter (RGN) in 1984 

of Drs. Oka and Khush and to hold the International Rice Genetics 
sium (IRGS) in Mav 198丘 Drs.Y. Futsuhara and T. Kmosh1ta visited IRRl in Octo加r1983 and 
n八iewedthe agreements for RGN and IRGS with Drs. Swaminathan and Khush. 

日owput in 
I expreゞsour sincere thanks to Dr. Sho-ichiro 
Research Center, Ministry of 

the first issue as "Genetic information m rice" 



For the future management and 
needed, It is h叩edthat during the IRGS, world rice 

JCS ＾ 

The publication of the first issue of RGN is a landmark in rice 

will be published annually. Each issue should report new findings on rice gen喜

and other aspects of rice genetics; and contain lists of available gene stocks. 
maps. and information on rice genetic resources. I hope the first issue of RGNぃll叩恥 thedoors 
for cooperation among world rice 

T. Matsuo 

Chairman, Japanese Rice Genetics 

Information Committee 
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MESSAGE 

well known 

of interest to geneticists. Availability of seed stocks of interest for genetic 
research is reported and such newsletters serve the useful purpose of regular communication 
between the research workers having a common interest in the genetics of the crop. I am very 

have decided to publish an International Rice Genetics Newsletter 
__ for the publication of the IRGN will be estab-

the Inte~national Rice Genetics Sympoさiumto be held at IRRI in _ 
of rice will be imperative for utilizing emer又in..i:techniques of 

も~~
M. S, Swaminathan 

Director General, IRRI 

¥'!! 

FAO Council 
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1さ TheAim and of the Rice Geneti心 Newsletter

aim 

rnatenal among nee 

of current 

nee. 

Current 

of informatic汀mand

and 

list. 

The research notes should consist of articles (abヽtractswith necessary tables and refer 

even if it does not merit formal 

material should be briefly described. New 
can logically be reported here. Articles are 

and none of information叫 ybe used in 

tive authors. Recent papers on rice 

summarized as a research note. 

later as journal articles are also welcome. 

should be sent to the E由tor:Dr. H. I. Oka. National Institute of Genetics, Misima 

or Dr. G. S. Khush. International Rice Research Institute. P.O. Box 933, 

For 

2, Announcement: The International Rice Genetics 

The Symposium will be held at the International Rice Research Institute (IRRI, Los Ban?>s, 
Philippines) in May 1985, and will be jointly sponsored by the IRRI and Japanese Rice Genetics 

Information Committee. The following topics will be discussed: 1) Systematics and evolution, 2) 

varietal differentiation and reproductive barriers, 3) rice karyotype, polyploids, aneuploids, and 
translocations, 4) genetic markers and linkage maps, 5) geographical distribution of genes, 6) 

genetics of physiological traits, 7) genetics of endosperm traits, 8) genetics of disease and insect 

resistance. 9) quantitative genetics, 10) cytoplasmic male sterility and restoration, 11) muta・ 

genesis, 12) tissue and cell culture, 13) gene library for genetic engineering research, and 14) gene 

transfer techniques. 

The proceedings will be published in a book form. An international committee for preparing 

the program has been established with the following membership: Co-chairmen: Drs. M. S. Swa・ 

minathan and M. Takahashi. Secretaries: Drs. G. S. Khush and H. I. Oka, Members: Drs. A. 
Abifarin (Liberia), T. T. Chang (IRRI), R. C. Chaudhary (India), M. H. Heu (Korea), M. Jacquot 

Min Shao Kai (China), T. Kinoshita (Japan), M. Van Montagu (Belgium), J. N. Rutger 

B. H. Siwi (Indonesia), Ray Wu (USA), and S. M. H. Zaman (Bangladesh). 

If you are interested in attending the 

your earliest convenience. 

write to one of the Secretaries at 
(G. S. Khush) 
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~t fo:r Rules of Gene 

In 196:l, the Committee on rice gene 
the 6th 

tional Rice Commission 

genes. Since thenき thisreport has served as a guide for rice geneticists 
ments in rice genetics during the last two decades, however、theneed 
of gene symbols and linkage groups has been 
Genetics Information Committee initiated the examination of the 
groups. First, the Committee discussed the principles and 

1) The 

and the gene 
used should follow the above-mentioned international rules 

recommended (cf. PubL List 1, 10, 1 

2) 

rules 
used bv many workers can Ix・retaine辻

3) When a new gene is identified but its allelic 
genes are not known, it is denoted by adding (t) to its 

4) Non-allelic loci (mimics, polymeric genes, etc.) are 
numeral either on the same line after a h 

' WJL'1 

a suffix心托tteror arabic 

5) When two or more different gene symbols have been used for the same gene, the one 
in the earlier report is adopted so far as it satisfies the 

6) For revision of gene symbols used bv an 
is necessary. 

contact with the author to seek 

7) The list of genes includes those for which seed stocks 
. 

maimamen. 

The gene recommended by the Committee are shown m the List that follows. 

Table L International rules adopted by ICG and the comments for 
rice genetics added by IRC 

(quoted from 

1. In naming hereditary factors, the use of languages of higher 
preference. (English is and probab!v will continue to be the 

by rice geneticists.) 

iT. Kinoshitは1

to 

used 

2. Symbols of hereditary 
Roman letters of distinctive type, 

derived from their original names, should be ¥¥Titten in 
in italics. and be as short as possiblt. (Symbols may 

be based on a 

ふ Wheneverunambiguous, rhe name and symbol of a dominant with a. letter 
and those of a recessiYe with a small !etteL 
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and enhancers are 
、. a, 

and 

not be needed for albinos, which are 

chrom応 omesare 

Roman numerals have beenリserLhut in the 

Arabic 

10. The letter X and Y are recommended w 
名

sex cnromosomes. 

Genie formulae are ¥Vritten as fractions with the maternal alleles 
Each fraction (てorrespondsto a single linka.ge group. Different linkage groups 

of unlocated genes are 

the gene 

as there 

12. Chromosomal aberrations should be indicat.ed 
for duplication, In for im・ersion, T for 

neticists will have use for these symbols in future work with rice.) 

13, The number of chromosomes is indicated hv 2n. the number bv n and 

basic number by x. 

14. Symbols of extra-chromosomal factors should be enclosed within brackets and 

the genie formulae. 
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B. CURRENT LINKAGE 

A new linkage map of rice based on latest available mformation 

list of genes of each linkage group. 

of two genes, ,vere reported. Jodon□ Y41:1 l reported on 

genes. Since then, information on the location of different genes has accumulated in both the 
Indica and Japonica rices. In 196ふ Nagaoand Takahashi first propo,;ed twelve linkage groups 

to the haploid number of chromosomes, on the basis of 

varieties. Misro et al. (1966) also presented twelve linkage groups in the Ind孔arice. How邑 er

because of differences in the genie scheme for organ coloration and心 ircityof identical genes 
involved in the two series of linkage groups at that time, it was difficulr to establish twelve grn叫

common to the Indka and Japonica types. 

groups was first reported by hvata and Omura (1971 a, b.! 

from a study of relationships of gene loci with the points of interchange of reciprocal transloca-

tions. Ten linkage groups were then corresponded to different chromosome. Sato et 
detected the association of the 3rd linkage group with chromosomes 3, thus modifying t!w rdat101予

established earlier. A series of primary trisomics were established hy different workers (Hu 

1968; Iwata et al. 1970, 1984; Watanabe and Koga 1975; Kawaguchi et al夕 l982: Khush et 

The extra chromosomes of the trisomics were identified by examining the somatic karyotype of 

trisomics by Kurata et al. (1981) and at pachytene stage of meiosis by Khush et al. (1984l. On the 

basis of trisomic analysis, the correspondence between linkage groups and chromosomes was 
partly revised by Iwata and Omura (1976b), The 5th and 7th linkage groups were associated with 

chromosome l, and the 6th, 9th and 12th groups with chromosome 2. More recently Khush et al. 
(1984) established associations between twelve linkage groups and cvtologicallv identifiable chrom-

osomes through the trisomic technique. 

The linkage map presented in Fig. 1 includes amendments to the Takahashi-Kinoshita's 

map made on the basis of recent findings. The 6th and 9th groups have been combined since the 

points of interchange connecting the two groups were detected by Sato et al. 

there is no definite map combining the markers of the 5th and 7th groupso The 12th group was 
retained except that gl-1 and An-2 ¥Vere shifted to the 6+9th group. HJ! and d-20 belonging to the 
12th group have not been subjected to trisomic analysis. 

Different systems of numbering the chromosomes and linkage groups have been 

different authors. The relationships among linkage groups, chromosomes and trisomics as deter-

mined by different worker are presented in Table l, Khush et al. (Res. note no. 32) and Table 1, 

Iwata et aL (no. 34). The chromosome numbering system in the table still follows that of Nishim-
ura (1961)。

With the establishment of induced translocation homozygotes, the translocation analysis has 

also progressed, and chromosome maps have been proposed for ten chromosomes (Sato et al. 1980). 

The relative positions of breakage points, centromeres and several marker genes in each chromo" 
some are shown in Fig. 2. 

Following matters in relation to rice linkage maps need further attention. 

1. There is no consistency in the numl沢ringof linkage groups, chromosomes, and the trisom・ 

!CS. We propose to revise the numbering system for chromosomes and the linkage groups on the 



basis among nee the 

genes with similar 

infぃrmationamong 

Rice 

pur訊oふe,

3
 

are useful in 
identifiable mutants, 
studies, 

are 
no immediate economic 

These useful materials are sometimes lost on account、 uf . 
that arrangement will be made to preserve these stocks in certain centers of 

conservation. 

set of primary trisomics has already been established in both the Indica and 
et al、 1984;Iwata et al. 1984). Rice karyo!ypes have been described by Hu 

ct al. (1960), Kurata and Omura (1978). Kurata et al. (1981), Chen and Wu (1984), 

Chen et al. (1982), and Khush et al. (1984). The extensive use of cytological mutants such asしelo

trisomics and induced deficiencies should bだ encouragedto locate the gene loci on the 

arms of chromosomes. 

5、 Thelinkage information should be utilized in the breeding programs. Some of the 

for short stature, heading date, disease and insect resistances, and grain chracters have been 
.. between some marker characters and cold tolerance and germinabilitv at low 

temperatur氏 hasbeen detected (Futsuhara and Torivama, 1966; Takahashiさ

I wish to acknowledge the assistance of Drs. N. Iwata and S. Sato in 

maps. References used are listed in Pubiication List, 1. Genie Analysis, 
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narrow leaf-4 

narrow leaf-5 
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心ヽ ーよ

rc-J(!'l-l) 

!'[-4(;,/,-2) 

r!-5 (;,l-J) 

reduced culm nu.7lber 
〔oneor two tiller幻

rolled leaf-1 

rolled leaf-2 

rolled leaf-3 

rolled leaf-4 
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L-29 Rol 

Fl-160 (KY) 

C54R97 83 (KY) 

M SO Norin 8 mut:1nt (KY] 
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ふ,. with 
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T6Se (Taichung 65) 

Photosensitivity 
(earliness vs伶

lateness, multiple 
alleles) 

10 

託 SE:i(A3) (CH) 

(CH) 

6
 

T65e→ em 
a 

a 
T65E -em 

(CH) 

(!J172) (CH) 

(CH} 

(820) (CH) 

(CH} 

.102, 303, 

ER(NA} 

Norin 8 (NA) 

, 305,306 

l, 84,140 

328 

Se-ょ
,s 

Se-1 “ 
Shir::inui (NA) 

LR(NA) 

se-2 Photosensitivity IV 10 P-lSO(Jodon No.7014) 332 

ふ Sterility

as 

ds 

asynapsis 

compact panicle 
sterile 

desynapsis 

fes-1 

Fes-2 

訪s-1(op) 

lhs-2(lhsi 

female stcrility-1 

Female sterility-2 

leafy hull sterile-I XI 

leafy hull sterile-2 XII 

N-22 Mitsuryu-funen, 
H-66 (HK) 

Kinmaze mutant (KY), 
IR 36 mutant (IR) 

Fujisaka S x Tjina 

G2250 

102,103,189 

166,281 

12,13,118, 
267 

325 

217 

r
p
 

CM lO(KY) 64,165 

N-76 Sorachi mutant (HK) 114 

L-1-a(LJ) Leth;il-1 
(complementary genes) 

L-2-a(L一町）

L-2-b,(I,-r叫

Lethal-2 
(complementary genes) 

414 P.T.B.lO(GI) 

419 .P.T.!l. 7(GI) 
m 、-ヽ--・鴫

Nふrin8 (NA) 

Jamaika (NA) 

194 
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male sr:erile-1り 『 l(K'r) 

male sterile-]ふ：、 2(豆）

sterile-12 T 3(KTJ 

male sterile-13 S 32(K'『）

male sterileゴ.4 S 40 (立）

sterilか 15 S 55(K了〕

虚 lesteこile-16 S 59(Kl>

male see: ごile-1? S 81 (KT) 

hull sterile VI+』：". 2 HO 64 3 Funento (KY) 66, 82 

麟ごthenocarpysten le C-こ4 Kふi.s己ifonen (HK) 166,167 
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7JS-10!~i 
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hybrid 
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genes) 
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219 Gar皿 balay(Gい
＇ 

192, 196 

563 Kこnoshita-屯och.i(Gl 

hybricl sterility-c.1 I 6 414 P. 了・.Bぶ 10(Cl) 

-s-e--~ (dup 1iベate genes〕
I[ 11 325 Kaniranga(GI) 
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T6S B, 
ょ
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3-d三 hybrid st.erili ty 
[dup liこ::1te genes, 

s-d-こ

XI S E1~T65 (GI) 196 

II 11 E2=To5A isogenic of 
······•···•--·-· 心-・・・・-・----・--・..初―______,. ___________ . ・-----・・・・・・ び----T6S B1/GI)・・---------・・・・--

ぷJ'
,) . ょ F. sterility in hete- I 6 E101=108 0. sぶ『；；wa(Gl) 228 

(sa-1/シ：＇）
El03;(S)isogenic of 108 

(one locus sporo-
gnmetophyt i.c lethal) 

B (GI) 
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S-2 
El04= (じ］
W02S ll,(Gl) 

b 

， Taiclnm~ 

S-3 ぶッツか--・- -, 汐"' W025立 gZahe四切a

S-A-1 (A-1) 

S-A-2(A-! 刃

Hybrid 
(duplicate 
fertility genes) 

S-B-l(B-li 

S-B-2(B-2) 

Hybrid sterility遣

(duplicate pollen 
fertility genes) 

ĉ
で
5?＂ 
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fo 
104 Peh-ku-い；ao-…tu, l.99 
563 Kinoshita渭 mochi,
537 (GI 

S3i,104,563(Gl) 198,199 

6
 

ssk(sk) malformed semisterile II 11 Kokura to mutant 46 

w'-a(a.J 
1 

1,) 

segregants, in 
complementary 

action of w'-a and w'-b 

451 Surjamukhi(CI〕

521 Kisshin (CI) 

194 

D-a(D-1} 

D-b(D-2) 

Complementary dominant 

lethal (F lethal) 
1 

Afl07 ,Af113(b'. よrthi{)(GI) 

563,T6S (satlッa)(GI) 

仏 a(W-1)

W-b(W-2) 

Complementary dominant 

weakness (F weakness) 
1 

W042 (GI) 

W025 (GI) 

18 

9. Gametophyte genes (Low fertilization capacity of male gametes) 

6 Atomic bombed rice(KY) 75 

XI 5 Most of Japonwa(NA) 179,184 

XI 5 Nan j ing hsien dao (NA) l 79,184 

6 Most of ,iapcmica(KY,NA, 159,18S 
HK) 

ga-1 gametophyte gone-1 

ga-2 gametophyte gene-2 

ga-3 gametophyte gene-3 

ga-4(ga-A) gametophyte gene-4 

ga-5 (ga-B) gametophyte gene-5 

ga-6 gamctophyte gene-6 

ga-7 gametophyte geneゴ

ga-8 gametophyte gene-8 

ga-9 gametophyte gene-9 

ga-lO(t) gametophytc gcne-10 

6
 

do令 (UK) 159 

II 11 M-533 Norin 8 mutant(HK) 150 

III 3 H-50 (HK) 152 

III 3 切 dtaacultivars(NA) 182 

III 3 11-SO (HK) 152 

II 11 M-51 Dohoku 21 mutant 113 
(l!K) 

10. Cytoplasmic male sterility 

Cytoplasm 

[ms-bo} 'Chinsurah boro II' 
cytoplasm 

Chinsurah boro II(RY) 257,258,259 
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C打insurah.boro II• (RY) 115,257, 2S9 
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Fukuyarna (NA) 260,311 

H-406 (HK] 

do. 
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Pollen fertilit} 
謬 tion (complem 
aこtlonof R『~a'and 均tデ

虹町三戸 andR仁ぶ

115,148 
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汀這'
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 spot resi.stance 

Blast resistance-a VIII 

Blue Rose 41,C. L .3~94 

ちe:Kattorube

，
 

u
 

0
ふ ,220,221 

163 

紅 chi-asashi, ,ior rn 
(NA) 

p' ' "  
込,,astresistance心｝入 8 BL-1 (NA) 

Rlast resistance-£VIII 9 Chugoku 31, ST No. i 
: field resistance) (CA) 
＼ 

Blast resistance-1 1 6 Fujisaka S(NA) 36,45,319 

や---------・・ 心--·"·•-- _, ___________、------・・--〇------・-------------------霞-----------------へ疇---------------

Pi-b(Pi-s, 

45,261 , 290, 

319 

129,131,261 

261,333 

lll2-st resistance-k 
(multiple alieles) 

VIII 

，
 

Kus ab lle (NA) 

.D 
虹ーだ

{Pi-mi 

Shin 2, Norin 6 

K 60 (NA) 

Tsuyuake (NA) 

45,124,261, 
319 

(NAJ 125 

126,134 

132 



Blast 

Pi-ta resist釦1Ce-ta
alleles) 

(NA) 

K l(N戸］

Pi No 

Nakei 

122,127 

12ふ127

261 

Pi-z :r:esュstance-z
(ID叫 i:iplealleles) 

Fuk山江sh.i.ki

Toride 1 (NA) 

45,130, 

::;r 

？ぃ-se-1(Rb---11 

Pi-se-2 (RJ::-2) 

P1:-a年 3(Rた ;J)

Blast r:esisもam:e--sも VTII
(additive 
t加 eegenes) 

，
 

,42尽43,44

Pi-is-l(Rb-4) 

Pか-is-2(Rb-5}

Blast resistance-is 
に:umulativeeffects 
by "two genes) 

Ishik認rishュ(、cAJ 40 

M-Pi-z (Rb-6) 

Pi(t) 

Modifier for Pi-z 

Bl:ast resistance 

Zenith(、YA) 41 

51文53

Sa-1 SaLerotiwi 
resistance 
(d中 licategenes) 

Rope 

Xa-1 胆 cterialblight 
resistance-1 
(multiple alleles) 

II ↓§
i
 

9
9
 

IR 28,29,30(NA) 

Xa-2 

Xa-J(Xa-w) 

蕊 ct:erialblight 
res::.st:ance-2 

底 cterialblight 
resist:ance-3 

1{ 

↑
9
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比mtaiEmas 2., Te tep 31,222 
(CA) 

Wase-a此 9叶,kuふ 31、19L
Java 14 (NA),Saikai PLl (KA) 

Bacterial blight 
resistance-4 
(multiple alleles) 

訊 22(IR) 

Semora Mangga(IR} 

,211,266 

字 -5 bacterial blight Vl+IX 2 Aus 32, BJI, DZ92 146 ,266, 
resistance-5 268, 

Xa-6 蜘 ctenalblight: DV 85 り 278(IR) 262,266,268 
resistance-6 

Xaゴ Bacterial blight DZ 78 (IR〕 266. 268 
resistance-7 

ェa-8 bacterial blight Pl 231129 (IR) 266,268 
resisi:ance-8 

:::a-9 bacterial blight Khao lay Nbay, 268 
resistance-9 (IR〕



Bacterial~ s 、

J よighし
てもsistance・、・10

八:-i<cヽ 巽 cterialblュght
:resistance-kg 

II [] Java 14 (NAJ 191,31° 

H己8, 29, 30 (NA) 

12. VJ.!'US ai』 m;い,μlasmadiscaぷ 只 戸stetncc

3怠； (Bぷ

(Gs) 

Black streaked dwarf 
resistance 

Grassy stunt resistance 

Te-tep (CA) 161,299 

月か1(Rhb) Hoja blanca resistance 

O. ni1Jara, IR 2061- 107,272 
464る (IR)

8,298 

St:1た.a,(St-1)

S玄たb(Sた 2)

Stripe disease resist如

ance 
人も Kuroboku, Zenith(CA) 300,308,309 

310 

do. [CA) 

12 Surjamukhi, Charnock 
Mineyutaka(CA) 

四£J-a(R古v)

Tuv-b 

Tur邁roresistance 
(complemen1:ary or 
duplicate genes) 

Pankhari 203, 
Latisail 

251,298 

筵 Jぽ匹） Yellow dwarf 
resistance 

s . aitamamochi lOgo(NA) 162,298,299 

3, Insect resistance 

均た1 Brown planthopper II 
resistance-1 

bph-2 brown planthopper II 
resistance-2 

B::h-3 Braim planthopper 
resistance-3 

bph-4 broW(l planthopper 
resistance-4 

I-Bph-.1 Inhibitor of Bph-1 

Glh-1 Green leafhopper 
resistance-1 

GZh-2 Green leafhopper 
resistance-2 

Glた 3 Green leafhopper 
:resistance→ 3 

glh-4 green leafhopper 
resistance-4 

GZh-5 Green leafhopper 
resistance-5 

GZh-6 Green leafhopper 
resistance-6 

11 Saikai PL 3, 4 (KA] 7 ,58,SS ,263 
IR1539-823 (IR) 

11 IR1154-243 (IR〕 7 ,S8,59,263 

IR17491-5-4-3-3-1 〔lR) 58,145,263 

7 IR17488-3-3-2-2 (JR) 58,145,263 

TKM 6 (IR) 153 

IRS491 (IR) 6,7 

IRS492 (IR) 7,269 

7 IRS (IR) 7,264,269 

Ptb 8 (IR) 269 

ASD 8 (IR) 269 

IR36 (IR) 100 



Grh-.1 

Grh-2 

Sb 

ゃh-1(砂ph-lJ

咋h-2(Wbph-2)

ゅh-J(wもph這）

叩 h-4位hph-4)

やh-5(砂ph-5)

14, I so筍'l!leS

A叩 -1

, 
ーム

91g“ 
1111l1 

tit-

pppp ccce 
AAAA 

i 
24U 

Acp-2 
Sa 

Acp-2 
［以l

炉 11mi11ge 
(triplicate or 
細 11tarygenes) 

Stem borer resistance 

Stem maggot resにtance
(incomplete dominance) 

Whitebacked 

¥l'hitebacked 

whitebacked 

Whi tebacked 

Acid phosphatase••l 駅C

band-group ((-1 7血m)

do. (- 9mm) 

do. (べ4mm)

do。 (4mm) 

do （珈m)

do. (12mm) 

do彎 (24mm) 

do. (null form) 

Acid phosphatasc-2 
(Fa/Sa test moving} 
(fast band) 

do. 
(slow band) 

do. 
(null form) 

V 

Te tep, Peb ihtm (NA) 

Saikai PL2(, 訊）

137,246 

T屈 6

Norin 22 

6,27, 

188 (NA) 6, 35お

ょ艮134'/S・ゞ 7-ぎ-2

IR306S9-l-、59-6 (IR) 4 

JR.¥2646-8-90 (IR) 48 

訊 42667-;1予 l (IR) 48 

Diang Marie (IR) 

W12 36 (GI) 29,30 ,207, 
209,227,243 

l'/169 (GI) 

108 & Wl07 (GI ,CH) 

¥¥120, Wl49 (GI ,Cll} 

322(T6S) & W 593(GI,CH) 

W036 (GI) 

郎 48 (GI) 

1707 (CH) 

108, Wl07 GI ,CH) 

;Wl20-12 (GI ,CH) 

322 (T65), 563 (Gl ,CH) 

30,209 

-----------------------------------------------------------べ・-------------------------------------
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209 

こsterase-1(slo,, b&.n切

do. C国bsence)

(slo切 band)

do、 (fastband} 

(null 

｛こ'st---7! Esterase-3(sいJW band) 

do. (fast band) 

Esterase-4(s1ow ban切

do. (fast hand) 

do. (nぃ11form) 

L字 -1(La:p-E) 

／衣ih-1(Mdh-ん）

Leuoine 謳 mopeptidase 

Malate dehyd:rogenas,~ 

均i-l(?gi違］

雰 oup)

do. 

Pgi-2(Pgi-l3; 

do. 

do. 

do. 

1.some-

(1 、. .sふow,
＇ 

Phosphoglucose isome• I 
rase-2 (anodal band-
group) (slow) 

(fast) 

Pe:roxidase-1 (OC band) 

do. (2A band) 

(4A band) 

(absence) 

most 
',J' 
1, 氾u'W{J

some hill rice (XA〕

221 f; Wl06 (GI), 
most of Indian cult. (NA) 227, 

108 & 868(GI、, most 
of Hsi en (NA) 

T 65 (GI) mos 1: 
芯匹五ca (NA) 

most of 

most of 

130 (GI〕

、
＇T{ 

t
:
3
 

'：ー、

、）Ti 
G
 

V・‘
且?

i
 

ぅ
46

 

130(GI) 

W593, C821り (GI,CH1 

322(T65) & 108(GI,Ctl) 

Wl20 & Wl294 (GI,CH) 

4650 (CH) 

5
 

t
 

2
 

.~ 1
A
 

0"）
 

1
・i

243 

243 

243 

,243, 

227,243, 244 

28,207,208 
249 

応 oxidase-2 (4C band) 108 (GI ,CH) 

do, (absence) 322(T65)(GI,CH) 

--------------・----------・・------------------------・--------------

208,227,, 
249 



(3C 

gene acting 
in leaf blade 

Regulator 
in leaf 

acting 

allele of 

Receptor gene for peroxidase 

gene for peroxidase 

Regulator gene for peroxidase 

Regulator gene for peroxidase 

Regulator gene for peroxidase 

Wl20べ 5

柑120,4 (CH) 

1'1120-5 (CH) 

T 65 (GI) 

郷 48 (GI) 

W648 

柑い臼 〔GI)

mean the linkage group assigned by i虹紅・o (1981). 

207 

208 

208 

28 

28 

28 

28 

47 
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Name 

Large gram 

Short panicie 

。
.-urassy 

＆＂ Pale 

¥
i
 

Sten 

9
0
 

B
 

,¥wned 

(＇し

Strain 

Small grarn 

8
 

ゞ
9
7

＼，． Smooth gltn證

，
 

r
9
 

ー Coarse 

T
4
9
J
"
K
r
2
t
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10 Rolled leaf 

TlS, Tl6 
N『8314, r↓了8315
KT830 l 

了23
NT8316 
KT8302 

NT8321 
KT8303 

Tl 

T2 
NT831,NTS32 
KT8304 

f)1832, P1B1833 

丁3
T4 
NT8.33 NT834 

＇ KT8306 

TS, 応

NT83S, NTS36 
KT8307 

〖斤 igin,,1

tivar 

>,sakaze 
Nippo汀ba哀

Kinmaze 

付orin8 
t,ipponnare 
,.. 
Krnmaze 

Nipponbare 
,,、

~1nmaze 

i¥ikoku 
Asakaz已

Nipponbar咆

Kinmaze 

Nipponbare 
Kimnaこe

Aikoku 
Asakaze 
Nipponbare 
Kinmaze 

Aikoku 
Nipponbare 
.. ・

unmaze 

臼恥 851
KT8308 

Nipponbare 
'" l¥rnma zさ’

Tl3 
Tl4 

Tl7, TIS 
9『l'.l., 1、20
T1'  
< L' ， 
NT8312, NTS.ii3 
KT8309 

Aikoku 
誌 akaze
Aikoku 
Aikoku 
Aikoku 
Nipponbarc 
Kin maze 

rt l 

Tl2 
NT8 311 
k丁8310

Aikoku 
Asakaze 
Nipponbare 
Kinmaze 

11 E
 

Spreadrng T9, TlO 
NT8310 
K「8311

AikoKu 

Nipponbare 
Kinmaze 

",j 
ー

"u 
Erectoides T7, T8 

NTS37, N'「838
KT33 i 2 

Aikoku 
Nipponbare 
~inmaze 

l,cforcncc, 

[nstitutc 

!l,・ata ct, al 
. 

l心 boratoryof Plant じreeding,
Faculty of ,¥griculture, Kyushu Ur11vcrs1t1 

(198'1) 
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List of t:ranslocation lines 

lntcrch,mgcJ 
Strain No、 lnstitu Source :lcfcrence chromo.somc tion 

l - 2 RT1 KY Okute-Asashi. X-・JS 190 

RTl-2, T6S RY 

l - 3a RT2 KY Norin 8. 1-15.0 190 

RTl-3年 T65 RY 

l - 3b RT3 KY Nl:Jrin 8. 1581 l 90 

RT1-3b, T65 RY 

l - 3c RT1-3c, T65 RY Atom. bomb. rice 62 

1 - 4a RT4 KY Okute-Asahi. A2-3 190 

1 - 4b RT1-4b鼻 T65 RY A-S Akamuro. 293 237 

l - 8 RTS KY Norin a. 1288 190 

RTl-8, T65 RY 

l -10 RT6 KY Norin 8. 1533 190 

RTl-10尋 T65 RY 

1 -11 RT7 KY Norin 8. 1272 190 

" RTl-11. T65 RY 

2 - 3a RTSS KY Atom. bomb. rice. APSO 6:C 

RT2-3a. T65 RY 

2 - 3b E22, RT61 KY Taichung 65. Trl 200,226 

RT2-3b. T65 RY 
233,329 

2 - 3c E-23, RT65 GI, KY Taichung 65. TrB 200,226 
233,329 

RT2-3c. T6S RY 

2 - 3d E-24, RT70,80 GI, KY Taichung 65. Trl7, Tr34 200,226 

RT2-3d, T65 RY 
233,329 

2 - S RT40 KY Atom. bomb. rice. AP25 62 

RT2-S, T65 RY 

2 - 6 E-25, RT85 GI, KY Taichung 65. Tr52 200,226, 

RT2-6a, T65 RY 
233,329 

2 - 7a E-26, RT68 GI, KY Taichung 65. Tr14 200,226, 

RT2-7a, T65 RY 
233,329 

2 - 7b E-27 GI Taichung 65. Trl6 200,226 

2 -10a E-28, RT77 GI, KY Taichung 65. Tr31 200,226, 

RT2-10a. T65 RY 233,329 

2 -!Ob E-29 GI Taichung 65. Tr32 200,226 

2 ~ IOc E-30 GI Taichung 6S. Tr38 200,226 



~,,, )¥)  e、

:; - KY iJkutc-八いill. X-も

HT3-,la夕＇［も 5 RY 

_-, - ,b K¥' l ,d • こ,.,ヽ~, , バ， i 190 

Iし13-4b1 HY 

、？） Sa RT40 KY 'oom' l,, 、i¥1'2i. 62 

s『65 !,Y 

3 - KY Taichung 65, ,22も

RT3-Sb'「65 RY 
23:>,.¥29 

Sc E-31 、「aichmg rrss 200, 

3 - RTlO KY Okute·•Aふ且11. X-120 190 

RT3~6, T65 RY 

3 7 RT3-7, T65 RY A-58 Kokushokut召-2, 208 237 

3 - 8a RTll KY Okute、-As:-ihiさ的 190 

RT3・・8a, T65 RY 

- 8b RT12 .u.. Kute-Asain. Az-4 190 

RT3-8b, T65 RY 

3 - 8c RT3-8c, T65 RY Taichung 65. Trl6 200,226 

~ 8d E~32, RT76 ' KY Taichung Tr30 200 , :;29 

Se E-33 Taichung 65. 了r45 200,22b 

3 -lla RT13 KY Okutc→ Asahi. Xz--4 190 

RT3-11a, RY 

3 -llb RT14 KY Norin 8. 44 190 

RT3・11b, Tも5 RY 

3 -ll.c RT15 KY N百rin8. 1267 190 

RT3-llc, T65 RY 

3 - lld ET34, RT82 GI, KY Taichung 65, Tr39 200,226 

RT3-lld, T65 RY 
233,329 

3 12a RT16 KY Norin 8. 1509 190 

RT3-12a, T65 RY 

3 -12b RT3-12b, 165 RY Atom. bomb. rice 62 

3 - 12c E35, RT72 GI, KY Taichung 65. Tr20 200, 22(, 

RT3-12c, T65 RY 
233,329 

4 - Sa RT! 7 KY Nor in 8, 1403 190 

RT4-5a, T65 RY 

4 Sb RT4-5b, T65 RY fぃ5Akamuro・80 
237 

4・Sc  RT4-Sc, T65 RY /¥-58 Kokushokut百心2か 279 23'? 

4 -12 RT32 KY Atom. bomb. rice. AP5 62 

5 - 6 RT18 KY Okutc-/¥sahi. X-120 190 

R「5-6, T6S RY 
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RT7-9, T65 

RT46 
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E40, RT63 
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RT8-12b, T65 

RT28 

lff9-10a, TGS 

!ffり-lOb, T6S 

;(l 

"、'" 

Y

y

 

•RK i
 

RY 

KY 

RY 

KY 

RY 

GI, i<Y 

GI 

RY 

y
 

k
 

y
4
y↓

yょ

＂八

R

,

R
}i‘l 

{
b
 

KY 

RY 

KY 

RY 

KY 

RY 

KY 

KY 

`
i
 

k
 

Ye 
R
 

Y
 

•R で

L(＇[
i
 

KY 

RY 

KY 

GI, KY 

RY 

RY 

KY 

RY 

Kl: 

i¥Y 

lt Y 

2
 

-

4

 

v
o
4
 

t

r

 

j
{
,
9
9
 

.9 

：
苓
2。

マ

‘
:
-
f
i
 

s
,
0
 

,
i
 

しk

q

A

"

 

、9
會9

*
 

0-
＂
入
し

4ヽ
,

｀
 

s
こ

ミ
＂
｀
ょ

i
 

ー

4

八
，
＇
｀

Atom bomb. r i.ce。 AP3S

Atom. bomb. rice. APlS 

:,orinふ口70

Taichung 65, Tr33 

Taichung 65, Tr57 

" 
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Atom. bomb. rice 
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Okute-Asahi. X-84 

N万rin8. 13 

1万s.rn 1'l、 ll-7 -I 

A-', ,¥k;i111uc,l. i:S 

204 

90 

，
 

c
u
o
 

0

0

 

っ

↑

勺
5

90 

丘｝

Q
}

ぅ
心

r
~←

つ'}てヽ
～

9

9

 

りr, 
~
ー勺

gu 
ぅ
'

[tk 

190 

Uヽ

，
 

9;‘~ 

0“ う～

(

i

t

、
'

9

9

 。

2
f
9

ら。

ム
3

6

r

3

l 90 

62 

200,: こ6
233,329 

190 

190 

。
Q
'
 

9
ふ

r,
、9

f

）ヽf,3 



52 

lO - l l 

l O ~ I 9ふ
i 

?} 
~~ 

i(1'2:l 

ill『W-ll, l'(,S 

i(J}l 

RT!G-12, T6S 
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KY 八s;ilu, 、¥-j ,j j 190 

Wi' 

KY uo叫） . rice. 八；'l 62 

HY 

HY A-SS Kokusho~、 ut:o-2 、 197
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List of isogenic lines 

, Isogeni亡 linesof'Shioka工i'fo:rdwaェfgenes 

Gene 
symbol N抑 eof dwarf 

且nkage Ch:romo- Strain and 
groups some Backcrosses 

Dwarf 
donor 

ふ］ daikoku dwarf VI令IX

d-2 eb註 ud四arf II 

ふ JI! 5 ら ぷ, • , • , wiketsu-wai t:o dwaい II,I 

d囀-6 ebisumochi dwarf IV 

d-7 heieiべ laikokudwarf IV 

d-10 toyohikari-bunwai dwarf III 

d-11 

d-12 

norin心 28dwarf ャムT{ 

d-13 

y速aradwarf 

short grained dwarf 

d-14 k皿 ikawa-bunwaidwarf 

ふl?(t) slender dwarf 

d-18 
h 

h osetsu-wa1se1 dwarf 

d-19 

d-27 

d--30 

XI 

III 

kotake-tamanishiki dwarf rn 

k皿 ikawadwarf 

ounketsuto dwarf VIII 

waisei-shirasasa dwarf x 

d-.35 { t) tanginbozu dwarf 

ふ 42(t) liguleless dwarf 

sd-1 dee-geo-woo-gen dwarf 

了
こ}よ

III 

t
;
 

？ふ

11,6 ,8 

10 

0

3

 

ー

9
メ1

^
 

E
J
 

3

3

 

9

8

 

11 

1
~
 

l

,

 

1

9

5

7

9

B

 

B

B

B

B

B

.

 

,

'

，

'

,

0

 

1

2

5

6

7

1

 

t

-

t

}

5

-

D

D

D

D

D

D

 

I

I

I

I

I

I

 

ID-12, B 
7 

ID-13, B 
？ 

）

）

）

）

 

H
K
H
K
H
K

双

（

（

（

（

 

7

6

 

4

2

1

2

 

1

5

7

t

 

g

9

}

1

 

H

M

N

F

 0

1

 

0

8

1

1

 

1

B

B

B

 

B

'

,

'

 

,

h

 

4

7

8

 

l

1

1

 

g

i

-
D

D

D

 

i

I

I

 

。

9

9

7

l

6

7

 

B

B

B

B

B

B

 

言9

7

 
• 

0
 

5

2

7

 

l

2

3

3

4

4

 

t

-

-

｝

t

-

D

D

D

D

D

D

 

I

I

I

I

I

I

 

H-86 (HK) 

H心 85(HK) 

H-2 (HK) 

H-127 (HK) 

N-7 (HK) 

忙 70(HK) 

M-17 (郎）

N-62 (HK) 

M-15 (HK) 

ふ 56(HK) 

Fl-86 (KY) 

Fl-3 (紅〕

N-77 (HK) 

M-341 (HK) 

1-120 (IR) 

Reference; Kinoshita and Shinbashi (1982) 

Institution; Plant Breeding Institute, Faculty of Agriculture 
Hokkaido University, Sapporo, 060 Japan. 

lsogenic lines for semidwarf-1 (Dee-geo-woo-gen dwarf) 

Strains: SC 2,3,4,S 

Reference: Itakura et al. (1983). 

Institution: National Agricultural Research Center, Yatabe, Tsukuba, 
305 Japan. 



3. I却 genie of Taichung 65 for marker g四 es

Gene 
SY,: 山o.l

Clmrac-亡er
Linkage Chrome匹

gro叩 some

Strain aJJd 
hackc:.r:ossings Donor 

?;J;;:; glutino虚 endosperm

ベ'.rs-.1. . 

CZ 

Ur.-1 

stripe--、1

Cl芦 teredspike le芦

iJndulated rachis-1 

d-2 ebisu dwarf 

/
5
 

D
4
 

Purple leaf 

t

}

)

 

’~} 
l:Lguleless 

ら
2ロg Phenol staining 

d-ll(d-8) nori孔-28dwarf 

sd-2 (:i-47) dee-geo況 oo-gendwarf 

A 

Rd 

Pn 

虹,thocyaninactivator 

Red pericaヰ

II 

i了

II 

T
ふ

了
i

III 

I
l
I
 

I

I

 

I

I

 

"6 

6
 

6
 

11 

9ふー

11 

3
 

国I汐はり， 563 (GI), 
Kinoshit皿 ochュ
(CH) 

T65『ふら見 (RY)
ヽ
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6

1

6

8

G

1

6

6

 

T

T

 

も

T

E

T

E

"

ー、

E

1

庄 79(HK)

11 H-79(HK〕

414 
P。T. 〔CH)

Taichung-
nativ年 I(CH) 

T65Rd, (CH}, B (RY} P. T. B. -10 (CH) 
10 

＾ a-ょ

Purple noae III 3 

long sterile le叩 oas」 IV 10 

只c

gh-1 

d-1 

Brown pericarp IV 10 

gold hull and i.nternodeべ 1 Vl+IX 2 

claikoku dwarf 2
 

x
 

r上＋
 

ー"v 

ri verticillate rachis 

<' nc-ょ neck leaf-1 

gl-1 glabrous leaf blade 

Dn-1 

、戸pp~, 

Dense panicle-1 

Inhibitor for browii 
furrows 

d-27(』-t) bunket~uto dwarf 

泣 'lazy'growthhabit 

Earliness-1 

加 -1 brittle culm-1 

認 -1 brown leaf spot-1 

VI+IX 2 

VI+IX 2 

VI+IX 2 

T65恥 B11(RY) 

El2=T65g-1, B8 (GI ,CH), 868 (GI〕
(RY) 

VII 

V 

E14=T6S只c, 恥 (GI,CH夕RY)414 (GI) 
I) 

T6 5gh-l, B7 (CH, RY) 

E-17=T65ふら恥[GI) H噂 O(HK〕
B (RY) 

T゚651'i, 恥 (RY)

" 
Ell=T6Snl-1 

＇ 
B 

(GIぶH,RY)
8 

H-69 (HK) 

E10=T65け:'-1, B8 (GI) H-90 (HK) 
B (RY) 
10 

f65 D>,-1, B, (RY) 
t, 

T6Si~3乙 B, (RY) 
.) 

VIII 

VIII 

9

9

 

ーー

ーx
x
 

ー＞
 ，

 
u
)
8
 

了6Sd-2?,(CH} 

El3;T65la, B (GI,CH). H-79(HK) 
B (RY) 

8 

6 

T6Sc!, B (CH,RY) 
14 

E9; T65 be-: .. , B8 (GI) H-79 (HK) 
B (RY) 
10 

T65ふ'.-1, B (RY) 
3 
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r,’ 
t
~、
5

r r''• 
r . .. / faded罫 eenleaf 

r
i
 

ゃ
＾a

 

i

t

 

t,え

ごj Awn-4 

：ふ"』 Re glut111ous endosperm 
and Red pe口icarp

j
 

口＂
-
i
}
 

g:-; 3 Z辺

iiguleless and 
long sterile le叩虞s-1

leaf山nd

, &かc-1 neck ltoaf-l and 
brittle culm-1 

XI 
XII 

5
 

？＇ 

12 

L '(j.,''" ゞ 6 & 10 

II & IV 11 & 10 

VI+IX 2丘 9
& VII >

VI令IX 2 & 5 
& XI 

T65乙1,B. 
こ：

(ヽ

？
ク
5

t
3
}
 

ロJun 
6
 

F
i
 

T6Sえご＇ぷ

応 SE:f-2,

T6謡炉も

El8=T65=, 心
(GI ,CH) 

叉

E21~-『63

(GI ,CH) 

E20~'『65aZ
ゞ

(GI ,CH) 

E19=T65尺乙互三'
(GI、cm

； 

及

Reference; Oka and >lorユshima (、1974), Sano and Oka (1977), Tsai (1973), 

Institution; National Institute of Genetics, 411 Japan令

4. I so genie lines ::if Taichung 65 for ea,: liness 

Gene 
Sy1llbol 

Character 
Linkage Chromo 
grotip some 

Strain Donor 

,-亙だ；；

"' 

Recessive allele 

Early flowering 
Ca. 10 days 

do. 

do. 

d 。

VIII 

Emphatlc gene ofこ-j OCUS IV 

do. 

do. 

do. 

do. 

，
 

10 

T65e 

(A3) 

123) 

a 
T6Sる 予m [M 

(lll72) 

了65ごニer,(A4→ 
， 

(B20) 

•『aichu.ng 65 

Tat直這-ts年 laこ

Boごu Sgo 

丁心・aye己 to丁65e

X-rayed to 

Tatung-ts虹

Bozu 

叉四1

X e内

T65こY→四 ·a• b X em 

冷

,7i 
do. -en; X 砂m

＊ a 
Including m and 

Reference: Tsai and Oka (1970), Tsai (197 3, 1980, 1984)、

Institution: Department of Agronomy, National Chung-Hsing University, 
Taichlmg, Republic of China. 

5. Isogenic transiocation lines of T65 with marker genes 

Gene 
symbol 

Character 
Chromosomes 
involved 

Strain 

、,;1-1 glabrous leaf blade 2-3 E42•T65Tr34. 
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だと。 いだぐ＼ 巨 af-1 i ら

cJ,, ＇ gi) 

：`ヽらぐ
i

~?:4 

ln lenunaご-l -10 
汀657,j,0・X Hi')『i八,,14,i 

---- 、 一--、 、 、-・・ • 心,.,.,ヽ,..ッヽ吟,,.,ヤ人心"へぶ..、w、.....『ヽ~

Referenこe;

lastこtはt

Ssno and Oka (1977) 

Nat:ona、l Institute of しむr;c,t1cs llish且闊 41 l ・'ほp,rn.

6. I sog釘 iふc lines for blast ごesistance

A. I so genie lines of Fuj isaka Sgv 

Strains: Z訳 (l13905-020 9図）＂さ宣疇 tクぞi-r

Z了S [11.3SOS-020907)ゞ.. Pi-1: 

Backoross and Donor: B Morak Seoi la i 
4' 

瓜戎(l(l (1983) 

National Institllte of丸grobiotogica l Rescuro, ぅ),,
Ya tabさ， Tsはkuba, 305 Japan. 

Isoge,iiこ l:nes of~ipponbare 

Linkage Chrome-
group some 

Refe:・ence: 

Institution 

B 

Gene 
symbol 

Stra1n Backcrosses 

..、..

Donor 

PC:-1. Kan to-f L6, I L7, I Ll 3 

--r,-z 

ご

3

6 Kan to-I L4, IL5 

Kan to-Ill 8, ILE1 

Pcし一 了
人

r
ふゞ

r
 

ー` Kan to-Iし:り， ILI l 

P(-k }
~
？
上

丁ーre 
＞
 

Kanto-I L2, I L3, I 

Pi-iJ Y
 

K:intcぅ-iU,11-14

4

4

i

廷

B

R
し

0

Todorcki→怜asさ

-
5
3
 

J
C
 

t
,
f
1
f
i
 

,
5
n
”
 

t

,

J

r

L

 

-

B

 

u

3

 

~
 0
 
c
 
t
 

3 ぅ Ets直；a応 109炉

A

令

，

f

B
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e
 

KuSi心ue

BL-1 

日orisueet al. (l'l8.¥ 

悶 □cnal Agricultょ詞聾s,又1rchCenter, Yata詞

了suk;1ba, 305 Japa,n. 

Reference: 

Institutioll 

江 duceGmutants丘omしJl'匹 1gZaber'1元汀a strain Q.1S 

/lost va.rieties of 0. qiu霞四心nahave red pericarp and scns1t1、V2

Plants with cdorless perican, and non-sensitive to photoperぃ.1dwere selectc心
li4 92 り10n-sensi t、ive) x (7,132 [whi~e grain) and other 16 crosses, in 1970. The data 
showed that wlnte g:cain was 叩 nogenic recessive. From the bulk of selected plants, 
:1 st rふin, (露， was selected, and 料as used for EMS (O.OSM, 5 hr,;) n-,,atmcnt in 1r1,,1. 
ftut:rnts ¥,err, selected from ca. 7,0llil M pl:rnts in 1976, a叫 the final sc lection was 

2 叫 <lein 1979 (1-¥]. The mutant genes iiste<l were found to be :dldic to 1・l:c rcspec.-
t:vc genes of 0. saじむ）o, In ;idJitiofl, rnund kernel (E¥08), spotted leaf (Ell!), 
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RESEARCH NOTES 

Induced semidwarf mutants 

J. Neil RUTGER 
Department, 

Research Service and 
CA 95616, U.S.A. 

and Science 

In the last 14 years several semidwarf mutants have been induced in rice cultivars m 

California. The most useful mutant was released in 1976 as the semidwarf cultivar Calrose 76. It 

originated as a single gene semidwarf mutant from the very well-adapted tall cultivar Calrose 
Genetic studies showed that Ca!rose 76 possess叫 asingle recessive gene for semidwarfism. 

designated sdぃThesd1 gene reduces 

reductions in lengths of the top five 

In practice Calrose 76 has been more important as an . 
cultivar per se. It has been the source of semidwarfisrn either directly or indirectly for five 

additional cultivars released from the cooperative industry・state-federal breeding program in 

California: M7, M-101, S-201, M-301 and M-302. Height of the California semidwarfs is 

about 90 cm, compared to l20・l('l0 cm for the previous tall cultirnrs. The cumulative evidence 

indicates that the semidwarfing gene increases rice yields 15%, and when the semidwarf cultirnrs 

are used ¥Vith intensified cultural practices, farm yields increase about 25')i 

Genetic studies have shown that the induced mutant gene sd1 is allellic to the 

semidwarfing gene in Dee-geo-woo-gen (DGWG) and the widely grown Green Revolution cultivars 

derived from DGWG. Thus, in F、generationsof crosses bet¥veen sdi and DGWG types. no 
tall recombinants have been recovered, although considerable variat.ion exists in height of the F2 

semidwarfs (Foster and Rutger 1978; Mackill and Rutger 1979). 

Allelism tests have shown that at least three independent, recessively inherited semidwarf 

genes were induced in the tall cultivar Calrose: the sd; locus present in Calrose 76, the sd, lex-us in 
CI11033, and the叫 locusin Cill0~14. However, neither the scしnorthe sd, source has been as 

agronomically useful as the sd1 source. The sd4 source reduces height only 15 cm and has an 

additional pleiotropic effect for a 20% reduction in seed size. 

After the three independent semidwarfing genes sd1, sd,, and sd4 were identified, subsequent 

genetic studies concentrated only on determining if new mutants were allelic to sd:. To date, seven 

additional semidwarfs have been found to be non-allelic to sd1. Again, none has been as 

agronomically useful as the sd; source. Overall, semidwarf mutants have been induced in ten 
different rice cultivars in U.S.A. 
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1¥vf〉（恥tinctい且い℃es of sernidwarfi:,,m hav,,, 心｛門tributedto a 

rice in 1960's in Japan. They are Reimei. a mutant induced 

(Futsuhara 19ぃ8)。：1nd Shiranm and its sister lines derive辻

叩 uthernJapan (Okada et al. 1967), These varieties ,vere 
programs and many shorしstaturedhi,.,:h-v記!dingvarieties have been 

93 

Semidwarfism has also been mtroduced into high-yielding rice varieties in the tropics and 

｛叶therareas since 1960し TheGreen Revolution is a direct achievement of an intensive use of the 

semidwarfs, On the other handを cumu!auveevidence has indicated that most of the short-
statured varieties possess the same gene for 

was the cornn1.on gene source 

Short-statured mutant lines induced from tall native 

also had the dwarfing gene at the same locuヽ (Hu1 

it is of 

were obtained, which ,vere 

and SC 5 

To investigate the genetic bahaYior of the semidwarfism, the near-isogenic lines were crossed 
with Norin 29 and the F, and F, plants were observed for culm length at National Institute of 

Agricultural Sciences in 1981. The long culm of Norin 29 was found to be partly dominant since 

the F1 plants had shorter culms than Norin 29. The F2 clearly segregated into 3 tall : 1 short types 

indicating that the semidwarfism of DGWG and that of Jikkoku were each controlled by a 

recessive gene. Then, SC 4 and 5 were crossed with SC 2 and 3. The F1 plants had as short culms 

as of the parents and the F2 showed a narrow range of variation in culm length around the F1 and 

parental mean. This indicates that DGWG and Jikkoku have the same semidwarfing gene. 

Furthermore, the semidwarfism of Reimei is known to be controlled by a single gene with 
incomplete dominance (Futsuhara 1968). When Reimei was crossed with SC2, the F, plants had 

slightly shorter culms than of Reimei as SC 2 was shorter than Reimei. and the range of F2 
segregation was between the parental values. This suggests that Reimei also has the same 

semidwarfing gene as DGWG although it has mod由erswhich increase the culm length. 

It is known that Calrose 76, an induced semidwarf mutant grown in California, also has the 

same gene (foregoing note by J. N. Rutger). Suh and Heu (1978) have shown that the semidwarfism 

of a Korean variety Tongil (IR 8//Yukara/Taichung Native l) is controlled by a single recessive 
gene, d-t, which is linked with the marker genes such as A (anthocyanin activator), Pp(brown 

pericarp), Pn(purple node), and Pau(purple auricle) of linkage group III with recombination values 

of 24.8%, 35.1%, 40.9% and 42.9%. respectively. It is of particular interest to find that all the genes 

carried by semidwarfs of economic importance are at the same locus as that of DGWG despite the 

differences in genetic background. There may be a potential danger of reducing genetic diversity 
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recessive gene (sdi) from 3 independent Chmese 

has led to the development of semidwarf rice v;;,rieties in Taiwan and 

several Asianしountries,and at rnRI. Thiヽ 瞑nehas lent great impetus to rice 

increases in many Asian countri喜

Ever since IRRI began its research operationヽ in1962、＼立 havebeen interested in the genetic、、

文:ontrolof the improwd plant type and the sources of semidwarfing genes. This article summarize,, 

our decades of search for other sources of semidwarfs in the rice germplasm collection of IRRL 

We haveふ identifiedabout 145 shortべtaturedaccessions from the IRRI germpl応 mcollecrinn 

and have made more than 200 crosses to date. Each of them was crossed with Taichung (Native)}, 

IR8令 IR20or IR:'l6 to test the allelic relationship of their semidwarfing gene(り withthat of sd1メ

From a concurrent planting and comparison of the two parents, F; 

the'. gene systems in the new semidwarfs v、・ereclassified into :1 

and F,, 

ー Identical with sd1 locus: F1 

genes may be detected今

and all F, are the effect of 

a) Purbachi; derivatives of Ai•ni-zhan and Ai-jiao・nan-te(China). b) Induced Mutants of I-

kung-bau and Keh-tze (、Taiwan).c) C5:3-39, Khunnaywayini,S) and (P), Khunni Shay, Nga-

Kywe (Burma). dl Culture 147. Culture 1り!',,T14l/Baok 360. ARC 5929 and other ARC 

semidwarfs, Crm 133241, BM 13, CRHP8, Jikkoku/Shiranui (52-;l?; 

Kechili 55-296, Shiranui/Gionchiew 61-8. CNM 25. C:12329、IET2895, New Sabarmati、

Barmda 21, 23 and 828, KH 863 (India). e) "California 2" (Philippines). f) Calrose 76, 
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m. N01N,Hdic gene(s): F1 than either parem: distrnct 
心serv只lin the F, 

いoubleDwarl一

b) CN 242喜 Tainanサmutant,;

Tainan 6 mutants 
Coast). d) Culture 854, Culture 

P-3 dwarf (India). e) Nadula Dwarf 

Thailandl. h) K8 mutant (Sri Lanka) i) 

may be 

to environmr::ntal influenぐeぃJternpe閂 ture.

and lines frmn temperate zones tend 
the classification of the 

to aberrant 

1¥dditional genes inhibiting tall affect the of F, which ,vere 

the sd1 gene. 

accessions may ha¥'<'been ,>utcrossed or mislabelled when handled bv双 0「kersin 
. Some "dwarfs''mで morelikely semidwarfs 

The sd, gene appears to belong to a readilv mutable locus so that many spontaneous and 
mduced mutations had occurred at the same site. Itsい）mpmrnd nature needs to be further studied 

expanded F: populations, say, over 10,000 F: 

Among those semidwarfs who have gene(s) non-allelic to sd1, the great majority of them wen『;

i.e., weak growth vigor冒 shorter

unattractiYe panicl, 塁 pour

and mrniatrn閾 dgrains. Only the follo . 

Culture 854. Culture 9Ci6. Dfiりlバ3dwarf, Tainan :1 mutants 

But none of them can compare with IRS、'「Nlor IR:36 in growth 

under Los Banos conditions. 

Establishment of differential varieties for pathogenicity test of rice blast 

fungus 

KIYOSAW!¥ National Institute of Resou「ces,Yatabe, Tsukuba, 

305 Japan 

ヽ wilhdifferent single「esistance genes are ideal diffでrentialvarieties for 

test of the pathogen (Flor 19451. in Jap,m. the first differential varieties for rice blast were chosen 
by Goto and co-workers (1961, 1964). Yamasaki and Kiyosawa (1966) initiated gene analysis using 
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seven Hmgus strainさselectedin the light of Goto's work and detecred three resistance genes, 

Pi-i and P減.Since then, 13 genes haYe民enidem山ed(Kiyosawa 1972). Since 1960's, the author 

has tried to develop lines with a single gene from varieties having more than one gene. For 

resistance gene Pi ta was isolated from the hybrid between Pi No. 1 haぃngPi-a and 

and Norin 8 which has no resistan心 gene(Kiyosawa 1966). Line K 1 with}冒awas thus obtained 

. Also. line K 60 with 1万お ¥Vasobtained from K 2 :,; Shin'.~; K 2 

Pi-kP was derived from Pusur x Norin 22. Pi釈 wasfirst found in Pusur, a 

K 59 with Pi,t was obtained from BL 10 (Pi-h Pi-t) x Kanto 51 

The strains with different single resistance genes thus obtained, as listed in Table 1, are 

useful as differential varieties to classify fungus isolates into groups differing in oathogenicitv. In 

addition, another set of differential varieties was established by Yamada et al. 

Table l). By the use of these differential varieties, it has become possible to estimate l he structure 

of populations of the blast fungus in terms of frequency of virulence and avirulence geneら

However, it is possible that some of l hese differential varieties have more than one gene if fungus 

strains of alien are tested. 

Table 1. Differential varieties and their resistance genes 

Differential varieties of 
Gene Code number Literature 

K1yosawa Yamada et al. 

Shin 2 Shm 2 Pi-k' l K1yosawa 1969 
Aichi Asahi Aichi Asahi Pi-a 2 K1yosawa et al, 1967 
Fujisaka 5 Jshikari-sh1roke Pi-i 4 Yamasaki and Kiyosawa 1966 
Kusabue Kanto 51 Pi-k 10 (Yamasaki and Kiyosawa 1966 

Kiyosawa 1968 
Tsuyuake Tsuyuake Pi-km 20 Kiyosawa 1978 
Fukunishiki Fukunishik1 Pi-z 40 K1yosawa 1970 
Kl Yashiro-m訊-ht Pi-ta 100 K1yosawa 1967, J 969 
Pi No. 4 Pi No. 4 Pi-ta' 200 Kiyosawa 1969 
Tonde l Toride 1 Pi名{ 400 Yokoo and Kiyosawa 1970 
K 60 Pi-kr .1 K1yosawa unpublished 
BL 1 Pi-b .2 Y okoo et al. 1978 
K 59 Pi-t .4 Kiyosawa 1972 

Note: Race number is determined by adding the code number of varieties which show virulent reaction. For 
example, the race number of isolate which shows virulent reactions to Shin 2 and Kusabue isl+ 10ニ11.
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among various methods for 
Soc. Japan 36: 325-333 

blast resistance of rice varieties, 

, 1972, The inheritance of blast resistance transferred from some indica varieties of 
rice. Bull. Natl. Inst, Agr Sci, D23: 6995. 

・・・, 1978, Identification of blast-「esistancegenes in some rice varieties. 
28: 289-296, 

J. Bmxl. 

J
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Watanabe, 1976. Proposal of a new method for 
Ca¥・ara in Ja1Jan。 Ann、Phytopathol.Soc. Japan 42: 216・219。

K. Kushibuchi, and S. 
oryzae 

Yamasaki, Y. and S. Kiyosawa, 1966. Studies on inheritance of resistance of rice varieties to 
blast. l. Inheritance of resistance of Japanese varieties to several strains of the fungus. Bull. 
Natl. Inst. Agr. Sci. D14: 39-69 (in Jap.). 

M. and S. Kiyosawa, 1970. Inheritance of blast resistance of the nee 
selected from the cross Norin 8 x TKM 1. Jpn. J. Breed. 20: 129-132. 
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J. Breed. 28: 359-365. (in Jap.) 

5. Multiple alleles at the Xa-1 and Xa-kg loci for resistance to bacterial leaf 
blight 

Toshiaki YAMADA National Agric. Research Center, Yatabe, Tsukuba, Ibaraki, 305 
Japan 

The mode of resistance and allelic relationships of genes for the resistance to bacterial leaf 
hlight, caused by Xanthomonas campestris pv. 01yzae (Ishiyama 1922) Dye 1978, were investigated 
in a Japanese (Kogyoku) and three IRRI varieties (IR28, IR29 and IR30). The IRRI varieties are 
resistant to bacterial groups I (strain T7141) and V (H75304) at all stages of plant growth, whereas 

the Japanese ¥'ariety shows resistance at mature stage only. Varieties resistant at all stages of 
plant growth are rare. No varieties are known which show resistance to bacterial groups IL III and 
IV at all stages of growth. 

A test of the F1 and F2 plants from crosses between a Japanese susceptible variety Toyonishiki 
and the IRRI varieties indicated that the resistance to each of the groups I and V was controlled by 
a single major gene, respectively, and the reactions at the seedling and mature stages to each 
group were controlled by the same gene. The F1 and F, plants from crosses between Kogyoku and 
the IRRI varieties were also tested for resistace at both seedling and mature stages. Kogyokyu, 
susceptible at seedling and resistant at mature stage, is known to have two resistance genes, Xa-1 
for resistance to bacterial group I (Sakaguchi 1967) and Xa-kg for resistance to group V (Ogawa et 
al. 1978). The F1 plants of all three crosses were resistant at both seedling and magure stages, and 
the F2 populations segregated into 3 resistant and l susceptible types at the seedling but were 
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and V were allelic to, and dominant 
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and XrFl is also 
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which are resistant at all stagesく）f plant growt11. cannot 
of infect託）［し sofar as bacterial gro1、1pら,I a叫 Vare concerned. Their 

kresek phase of bacterial blight which causes the _ 
The breed臼.、rcan evaluate the rfsistance of 

and T. Kimura. 1978. Inheritance of resistance of rice 

14 to bacterial group V ofぷ1nthomonas01戸屈 Ann.

S., 1967. Linkage studies on the resistanc to bacterial leaf blight, Xanthomonas 

Dovvson. in rice. Bull. Natl. Inst. Agric. S立 D16: 1-18 (in Jap. with 

Chromosomal location of厄 gene

KH「SH Jmemational Rice Research Institute, P.O. Box 93:1, 

A dominant g-ene for n心istanceto bacterial blight of『icewas identified by Petpisit et aL 

入 Thisgene give:、resistancetoりacterialblight at all stages of 

program iKhush 198 ll In fact all the bacterial 
resistant IR varieties are homozvgous for 

!n order to determine the chromosomal location of Xa,, we crossed IR29 (Xん }.:'a")with 11 of 

the 12 primary trisomics which were susceptible to bacterial blight. The F1 progenies (trisomic as 

of all the triゞomicsexcept triplo 7 were resistant. The disomic Fi plants amongst 

7 x IR29 were resistant as expected. However, the trisomic F, plants of this 
cross ,vere moderately susceptible. We interpreted these results to be due to dosage effects of Xa, 

gene. If X心 islocated on chromosome 7, triplo 7 plants would be Xa"・・ ・, and one dose of Xa4 
would not be enough to convey resistance. To verify this hypothesis we tested an F, population 

from the triplo 7 F, plant. Out of 575 F, plants. 183 were trisomic and 392 were disomic. Amongst 

the trisomic fraction :"iO plants were resistant and 133 were susceptible or moderately 
This agrees with 2:7 ratio (X2:0.l41) expected on the basis of dosage effects of a dominant gene 

(Khush et al. 1984). ln the disomic fraction of this cross 301 plants were resistant and 91 were 

susceptible. These data do not agree with the f-i:4 expected ratio. The deviation may be the result of 
misclassification of some 

The F, or backcross populations from the len other trisomic heterozygotes segregated in a 

normal 3:1 or 1:1 ratios. These results indicate that ぷYa.is located on chromosome 7. 
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7. Genie for resistance to brown planthoppers in 

IKEDA1 a. よclChukichi KANEDA公

Fores. Fish. Res. Council 

The brown Stal. (abbr. BPH¥ iヽ
nee throughout Asia. The inheritance of BPH resistance has been 

since Athwal et al. (1971). To date, four genes, 
(Athwal et al. 1971; Lakshminaravana and Khush 
anaiysis for the resistance. 

to determine whether or not two or more resistance、genes
allelism tests were made. The results indicated that, as reported 
1978: Ikeda and Kaned;, 1981), Bph-1 and bph-2 are linked closely, and so are 

n
 

,｝ 

The 

two linkage groups, are independent. 

Second, to identify the chromosomes on which the BPH resistance genes are localed, each 
the trisomic lines obtained from Kyushu University were crossed with Kamo『Ll or Kanta PL 
(having Bph-1), Rathu Heenati (having Bph-3) and Babawee (Having 
trisomic line E, which has chromosome 11 in triplicate, the F2 ratio for 
from 3 : 1 and agreed with a trisomic ratio of 2 : l. Bph-1 was thus located on chromosome l l 
(linkage group II). Linkage rests showed that bph-2 was linked with d-2 belonging to linkage grouμ 
II, the recombination value being 39.4%. Both Bph-1 and bph-2 segregated independently of fr, Pl 
1 and d-11 which belong to linkage group II but are distant from d-2. 

Similarly, Bph-3 and bph-4 were found to be located on chromosome 7 (to which no linkage 
group is assigned yet): trisomic ratios of 2 : 1 for Bph-3 and l : 17 for bPh-4 were found in crosses 
with trisomic line C having chromosome 7 in excess (Table 1). 

Furthermore, three cultivars with unknown resistance genes, Andaragahawewa, PTB 34, and 
PTB 21, were crossed with resistant and susceptible testers to identify their resistance genes. The 
results showed that Andaragahawewa and PTB 34 had Bph-1 and bph-2, respectively. PTB 21 had 
been known to have a dominant and a recessive gene, one of them恥ingeither Bph-1 or 
(Lakshmirarayana and Khush 1977). Our data indicated that the second gene of PTB 21 was either 
Bph-3 or bph-4. Then, 12 F, lines from Kochihibiki/PTB 21//Asominori were tested witりBPH
biotypes I, II and III. The result showed that one of the two genes was bph-2. Accordingly, Jt was 
concluded that PTB 21 had bph-2 and Bph-3. Although this variety had two resistance genes, but it 
had no new resistance gene. 
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Table l, BPH in the cros出這 oftrisoml.c lines 
Rathu Heenati (BPh-3), and Babawee 

Resistanct' 冷¥>O, or a plantヽ x'!:~: l 
R s Tota! or I 

- •••••• •• ~ ← . • ・--ゞ---『 ••• ·-~---• •• • • , __← -・・ • • •• ・.,・ •• •• •••••• •. -•· ・... ゞ 巫-----• • - • • • -・ •• ・.,・--←---~ •• -•• • ・・--← "'""''『・- • •• ----- • • • • ., •.• 

B砂 Tnsom1c E/Kanto PIA 337 182 519 
Control (d1somic) り田 3,SO 1331 'L-') 

Bph03 Tnsmmc C/Rathu Heenaぃ r パ吋 44 ぷ乙・, 120 .. ， '.b・, **" 
Control (disomic) 164 64 223 1.4 

bph4 Tnsomic C/Babawee 8 306 314 84.4**' 
Control (disorrnc) 2m ら34 837 

** Significant at l況leveLa --fitting 2 : l, b ,,. fitting l、 1.
Crosses of other trisornic lines, A, C, G, and H v,・ith BPh・l. H with Bph-3, and A, E, F, and L 
with bph,4. all gave a go⑳ fitness to 3 : l or l : 3 ratio. 
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8. Heading-time genes of rice, じ， E2and E, 

H. YAMAGATA Faculty of Agriculture. Kyoto 

Kyoto, 606 Japan 

The three heading-time genes, E1, E2 and E3, independent of one another and delaying the 

heading time of rice. were detected :30 years ago through the intercrosses among three varieties, 

Gimbozu, Aikoku and Kyotoasahi (Syakudo et al. 1954: Kawase 1961)さ Fromthose varieties and 

intercrosses, seven lines possessing different genotypes for the three genes, EG1 to EG7. were then 

developed (Table 1). 

Kitashiraka,va, Sakyo-ku. 

Making use of these lines as testerふ thethree genes have been studied on their attribues, and 

the genes responsible for heading dates of many Japanese varieties have been genetically analysed 

and identified. The recent experimental results are summarized as follows: 

1) Growth-cabinet experiment clearly showed that each of E,, E2 and E, was a photoperiod。

sensitivity gene which did not affect basic vegetative growth. It also showed that the degree of 

photo-sensitivity, which evenually determined the magnitude of delay in flowering under natural 

conditions. was ranked as E, }>じ＞公 (Table

2) The response ofじ toa light break (] hour, over 300 lux) during short-day treatment far 

exceeded those of the other two genes. 

3) The heading-delaying effects of E, and E, under natural condition were 

than that of E1. However, E, showed a synergistic effect when it coexisted with 

when it coexisted with収）th E'i and E, (Table 1) 

lower 

also did 
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4) So far as the 15 varieties tested are concernedき allvarieties grown south of Tohoku district 
E, 

fa月

in actmn, this gene was round to 

for further studies of the genetic mechanisn 

Table l. Basic vegetative growth (BVG), photoperiod sensitivity, and days to 
heading under natural condition of seven lines having different 
genotypes for E1, E2 and E, 

Line BVG0 Photoμenodc Days to 
sens1t1v1ty 

EG 1 E,e:e1 ~-l7 58 112 
EG 2 e,E免 :38 46 97 
EG 3 e,e,E, 38 52 101 
EG 4 E,E,e, 40 60 117 
EG 5 e,E,E, 39 54 105 
EG 6 E,e,Ei 37 81 121 
EG 7 E,E2E1 41 92 131 

a) Genotype for E, E, and E,. all lines恥inghomozygous. 
b) Davs from sowing to heading under short day (10 h) at 30cc. 
c) Difference in days to heading between a long day (14 h) and a short day ¥10 hl at :l0°C 
d) Sown on May 6. 1980. 
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male sterile lines 

system. We studied the叫 1eritanceof its 
crosゞ ZhenShan 97 AIIR□ 4. Progenびべ nfZhen Shanり7A(P1), IR54 

Zhen Shan 97 A/Zhen Shan 97 A/IR54 

that restoration 
;~hen Shan 

F, and backcross 

, It appears that the restoration 

genes, one of them has a stronger frruliry restoration ability than the other, such that 

genes are present, fertility is like the restorer line, IR54; if the gene with stronger 

n入storattionab廿ityis present alone fertilityピsomewhatreduced, but if the gene with weaker 
restoration ability is present alone, plants show partial fertilitv ranging ben, でrn1-70% 

and 1々--30況 (forspikeletl. The 

Table l distribution for pollen fertility (咳）） in parental F,, F, and 
populations of the cross Zhen Shan 97 A/IR54 
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底 enShan 97A (P1) 10 

IR54 R (P2) 
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9 59 84 3 23a . ・,s 

2l 2な 92 ~ぅ ' 。.50
1} 

Segregation 9:3:3:1; b Segregation ratio 1:1:l:l. 



f

ヘ
,

9

 

9

9

 

~
＇
~
 ↓'ミ

Table 2. F,, F, and 

¥'ぐ2} 
pふ，
 

,
f
 1

 
'
 

~
4ふ

C, 
,'8 !‘' 

、心，

,＇{ 
i, ー（

 
r, 
↑
』
9

。

Q
｝̀
 

ri~ 
、）（
 

f

；ふ

13 

,+ 
.‘
 
,3, つ1

¥‘.，‘ 

ゞ
~
t

9
:
a
3
 

,,. 
J.l! 

万
忍 ー`ノ;

¥
 

fit{ 

コi8
 

r
/
 

r
i
;
 n

 

6. 70b 0.09 

g
 

Latio 1:1:l:」^さ

10. restぃcation biochemical of male 

K. Govinda RAJ1 anバE.

P.O. Box 933 
El Sheikh, 

, Inten万ationaiRice Rese紅 ch

Research Centre, Saka, Kufr・ 

sterile 

restoration. 

the 

restoration. 

Soluble protein and esterase isoenzyme patterns in matured anthers and spikelets 

of male sterile and maintainer lines were studied through isoelectric 

Soluble protein and esterase isoenzyme patterns of matured anthers of male steriles and 

maintainers differed qualitatively and quantitatively. Also, these biochemical parameters differed 

between matured anthers and spikelets湯 Nevertheless,comparison of soluble protein and◎ terase 

patterns of spikelets nf rnale sterile and maintainer lines revealed no differences 
betv,:een them. Therefore, presence or absence of certain specific soluble protein and esterase 

bands might have a bearing on pollen abortion and conSl'{lUent male sterility. Absence 

differences between spikelets (at meiotic stage) of male steriles and maintainers suggested that 

the differences tended to appear late during the process of JJO!len development. 

of matured anthers of male maintainer and restorer (IR:36) lmes 

詑 vealedthat proline content in anthers of maintainer!restorer lines ,vas 3 to 6 times more than in 

the sterile anthers. On the other hand, we observed appreciable increase in the level of 

acid in lhe sterile anthers. No difference was, however, found between anthers of maintainer and 

restorer lines for any of the amino acids analyzed. This indicated that proline and aspartic acid in 

the sterile anthers may be in some way related to the phenomenon of male sterility. This 

relationship. however, needs further 



ー
~:~" 

t
 

ー』よ

Table 1. Genetics of 
sterile lines, 

restoration of two Chinese 

応J,nber

叫旦言＄

釘 JJ,red
. . .••. ヽ．、.....、......、・・・・・・・・・・・・● ● ............  ヽ ..

¥o, じい）： S合ざ

9令る

V10A x 

v且、い,x i'usc; 3"':J 

V10/¥ x lRSO 

97A x F m這

和trti1, foni l色

ー

J
ー

e

r

c

0

 

,
0
f
!；

8
q
,
I
4
 

97A x lPJ_9793-Z5-2-2-2 

97A 1: けcjin信em

v20:, K NDじ 23
Vぷ）AX  JETと11,l

V20A "-NDC 50 
ll7A x 1R976l-l央--し

i

、2

1

j

3

3

`

8

8

5

J

o

t
,
,
0
i⇔

3
l
:
t
・
i
7
,

＇い

ふ

ミ
、
）
＂

3

J

9

い

r

g

(3

ぐ
ょ
’
旦
)

~

9

:
｝

1
と

ミ

ミ

心

3

i

?

｛

ヽヽ

：
 

ミt
,
J
 

妥ぃ

8

ム，

9
‘
3
1
r
]

尺

3"

、

パ

｝

今

:

q

えも

:;1 

~~I 

*Fullv ferti Le c¥n辻 ti.le class翠喜詞 iosrgcs』 0ne 

11. A probable new male sterile line with cytoplasm from a Bon, riceりfl
India 

RC. CHAUDHARY and V. N. SAHAI 
Institute, Mithapur, Patna. India 

Pradesh. 

In search of the alternative sources of sterile cytoplasm, 5J direct and 
made at IRRI with 16 ad;;anced breeding lines of IRRI and 2:3 

Korean rice breeding program in 1980. Most of the Fis were norm』

observed in crosses invobing IR46, IR10154"23<3・3, FR 43 B a叫

differences for sterility were significant in these croさs-cornbination''・ 

In the backcross generations言ゞ egregationfor sterility occurred which ranged from 1.7 to 98砂

percent in the cross UPRB 3l/1R46. As a result, this cross was studied furthei and backcro心

,vas grown during Kharif, 1982 at Agricultural Research Institute, Patna, India. There were 70 

fertile and 170 sterile plants. Few sterile plants with white anth0rs were detected late in the 

season so that planned backcrosses could not be made and open pollinated seeds were collected. 

During Kharif, 1983, 6 plant progeny rows each having 40 plants were grown. Two progenies had 

as high as 80 percent sterile plants and sterile plants were l 00% pollen sterile. Fur1 her h;ickcrosses 
have been made to maintain a叫 multiplythese plants. This male sterile line is being named as 

Patna CMS-1. 

12. Geographical distribution of the genes for black hull coloration 

Masahiko MAEKA WA 

Sapporo, 060 

Farm, of Hokkaido 

The F1 plants of crosses between distantly related rice varieties. ,1s well as the wild rPlatives 

of cultivated rice, often show black hull coloration. It was reported that the black hull coloration 
was controlled by one dominant gene (Kuang et al, l946;]odon 1964), or two complementary genes 

(Chao 1928; Mitra and Ganguli 19:57; Kuriyama and Kudo 1967), or three complementary genes 

(Nagao and Takahashi 1954: Rao and Seetharaman 1973). The present author confirmed that the 
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!apan, Ho.ldrnidし tG 1:3.6 9.I 59. IJ.6 22 
]aぃan,other pa「ls L4 59> 乙り. ク( 35.l 74 
Chrna, Korea & Taiwan 62.8 .0 25.G 2.3 2.:l 詔

Indochina & 71 85 7 7.1 14 
Indonesia 21.7 69,6 8.7 23 
India, Sri Lanka. 

12 9 40.3 6,5 40.3 62 Pakistan & Burma 
Nepal & Bhutan 6.3 3U ( .. } • .J •) 56.3 16 
じSSR& East Europe 33.3 55.6 1 .1 ， 
じSi¥ LO 8,0 52 0 ~l6.0 25 
Others 16, ",,",)'、)) 6 
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fotal :tel ,e,、） l.・bバ 0.3 6.1 4-8.3 5.8 14.:{ 294 

£ irom 
7.1 0.8 44 93 500 2.4 12.8 

x2= 
random combination :35.6' 

a ・--しomparisonbetween observed and e、:pected numners ot vanet1es. sign廿゚icantar l噂 level 
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13. The genetic basis of hybrid chlorosis found in a cross between two Japanese native 
cultivars 

Y. L SAT01, S. MATSUURA2 and K. HAYASHI;; 1) National Institute of Genetics, Misima, 
411 Japan and 2) Faculty of Agriculture, Kochi University, Nankoku, Kochi, 783 Japan 

We incidentally found a case of hybrid chlorosis in the F2 population of a cross between two 
Japanese native cultivars. J-147 and ]-321. Its first symptom was a changr in color of the third or 
fourth leaf-blade to yellowish. The chlorotic plants died within 30 days after germination, hence no 
seed was obtainable from them. 

The F2 population segregated into 849 normal and 63 chlorotic plants, giving a good fit to the 
15 : 1 ratio. The Fi lines showing segregation ratios of 1 : 0, 3 : 1 and 15 : l numbered 72. 35 and 37, 
respectively. This Fi ratio fitted 7 : 4 : 4, which was expected on the assumption of two 
independent recessive genes (Table 1). The data thus indicated that there was a set of duplicate 
genes independent of each other whose double-recessive combination causes chlorosis. They were 
symboled ch-1-d and ch-1孔 tentatively.

Table 1. Segregation ratios of F2 plants and Fi lines into normal and 
chlorotic phenotypes in J・147X J-321 

Generation No. of plants or lines X' p 

F2, Normal Chlorotic Total 
Observed 849 63 912 
Exp. (15: l) 855 57 912 0.67 >0.3 

F,, J: 0 3: l 15 : l Total 
Observed 72 35 37 144 
Exp. (7 : 4 : 4) 67.2 38.4 38.4 144 0.69 >0.7 
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(1屯ぶ了eportedthe presence of a set of complementary lethal genes, し2-a

weakness. and that the dist ibution of 1星 -a¥Vas suggestive of the 

am叩 gvarietal groups and the mode of dissemination of rice varieties. 

chlorosis genes may aiso仄 usefulfor such studies. 

Y. L and K. Hayashi、 198:l Distribution of the complementary genes causing Fi 
weakness in the common rice and its wild relatives, I. L-2-a gene in Asian native 

cult八ars.几fon.J. Genet. 58:411-418. 
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HL New and mutants 

14. Inheritance of two anatomical characteristics 

M. SETHI and .L K ROY'Central Rice Research InstitutぃCい

An extra sderenchymatous band >s found in the stem of some 

others. Two rice Yarieties FR13A and Intan have such bands. Its occurrence 
four crosses between varieties having the band and those lacking the 

named'Sattari'). The main stems from five F1 and 100 F: 
for observation, All the 

and its thickness ¥・arit・d among crosses. The F: 
a 9・ ~ . I ratw 

genes were 

The fuscoid cells are those with big vacuoles 

the leaf blade Such cells are commonly found in bambcxJ but are rather 

. . such cells was crossed CR 1039け¥jlwhich lacにら
data showed that the occurrence of the fuscoid cells v,;as rnntrolled 

fr. 

li Author for furthrr corn: 叩ondence

15. A. "Fish・hook"mutation i:n :rice 

Nelson E. Rice Research 、Louisiana

A striking recurved and sharply pointed modification of the lemma 
F, dwarf line. "Hooked", "parrot beaked''and "clav, 

is perhaps more extreme. The lemma tipさ 'Nillhook into 

This mutation could function for seed dispersal in ,vikl rice. It would be 

it segregates in a clear-cut manner. 

The florets did not open in response to hot water treatment, probably b以 asuserhe lemma and 

clamp together tightly. However, the seed set was fairly good. A cross ¥¥"ith an IR 8 derh・ed 

dwarf was obtained. The Fi was a somewhat sterile non-dwarf with very slender spikelets which 

were not hooked. The F2 was classified as: 47 hooked (some or all spikelers). 128 with the lemma 

tilted toward the palea but not recurved, and 10 normal 
It appears that'らhooked"is controlled by a recessive gene; it was not exprcやsedin the I> and

constituted i/4 of the F., population. However, this does not account for the imermediate "tilted" 

class, Duplicate dominant genes for "tilted''are suggested by the l:j : 1 ratio of "tilted" to 

''normal". Assuming that "hooked" is epistatic to "tilted", a combined ratio o「4:iいい1Letf' : 

・'normal": 16 "hooked" results. Agreement with expected is very close, but F, pn喫genyteゞts

not conducted. 

16令 A big-grain gene, 

character expression 
found in a Japanese focal 

. TAKEDA Institue for 
University, Kurashiki, 710 Japan 

The grain size of rice is usually controlled 

controlling spikelet length was found in 

and 

native 

and its 
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the results vv汀 esummanzeci 
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I(ernel breadth I l 

Kernel thickness 
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Kernel 

ー
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' numoer 
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Panic!e number 

17, Inheritance of reduced culm number type and its character 

Toshiro KINOSHITA Plant Breeding lnstitute, Facultv of 

, Sapporo, 060 

Hokkaido 

culm number was found in the progenies of AC-11 
anther culture) irradiated by gamma rays. In the F, 

A-5 Akamuro, it. was demonstrated that a single recessiYe 

for both the reduced culm number and dwarfness under field 

demonstrated tha1 rcn was lmked with the genes belonging to the 
group such as wx (glutin国 1sendopserm) and C (chromogen for anthocvanin). The 

loci was obtained as tりllowさ

40.8 
！ 

ドー19.4-中―--------------3 2 . 3 ——•| 

以E
c
 

:r¥'.)n 

The mutant gene, rcn, was epista!k to the dwarfing genes, d-2 (ebisu dwarf), d,, d4, d, 

waito or tillering dwarf), d-6 (ebisurnochi dwarf), and d .lO (toyohikari-bunwai tillering 

The mutant plants showed a perfect seed set and differed from similar mutants showing 

or high sterilities which had been induced by gamma irradiation (Futsuhara and 

The expression of reduced culm number and dwarfism trait was affected by temperature 

conditions. Although the mutant produced only one or two tillers under field conditions, its growth 

¥Vas nearly normal when grown in a viny卜house.When irrigated with cool running water during 

the growing period, the tillering and growth of the mutantいreremuch suppressed and the reduced 
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扉りa

Rao and Misro , 

｀けgrowsthe lemrm王

fhe new linked genes (Ip and rll are 

between lj1 and g, The allelic 

earlier in Japonica rice need to be 
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Inheritance of geneヽ
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19. Allelic 

Phい

, 197日

of 

じniv.Patna. 

吟,udiesin indica rice, ＞＜ 
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and Lh 

G. S. KHUSH and A. L UBROJO International Rice Research Institute. P.O. Box 

Manila, 

A dominant gene Hg (hairy glurnei waゞ descriりゃdby N:1gao et , 礼けい(¥(い whichconditionさ

presence of lunger trichomes (hain,) on thぃsurfaceof glumes, leaf margins and auncles of rice 

plant. Professor M. H. Heu gave us another mutant with similar morphology which he calied Lh 

(long hair). The F1 progenies from the cross of these two mulams had the mutant phenotvpe. An 

F, population of 158 plants consisted of mutant plants only. It is thus obvious that 
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New mutations at叫 Iloci 

Table New 

I<(ド;S No. 

73 
2~i4 
.259 

Internation: が Research P.O. Box 

well knowバ last few 

mutants were crossed with 

The five F,s with IR36 

new lazy 1了iし arercces,,ive. 

t『,atthemバ,mutations occurred 

mutants of rk、etested f迅,rallelic with la 

i¥irent vanely 

Balill:i (Mutant No. 19) 
C応 ari国 (MutantNo. 28i 
Americano (Mutant No. 16) 
Norin 18 

Ei-32 

Muitant obtainer! from 

l¥farie, !NRA France 
R, Marie, lNRA France 

Marie, !NRA France 
K Pa,・ithran, Calicut, India 
KN. Misra, CRRJ, India 

kno¥Vn la 

14) 

. Search new g !od unfruitful 

Gurdev S. KHUSH and A. L Int.::rnational Rice Research Institute, P.O, Box 

The reこessivemutant g of 

of the grain, is 21. very useful marker of linkage group IV. Many rice varieties in our 

In search of new loci, conditioning long empty 

we studied the allelic relationships of the genes for long glumes in these Yarieties vvith the known 

だgene(RGS 10). A total of 49 varieties from M countries (Table ll were crossed with IR:36 had 

and with RGS 10. All the F,'s with IR36 had rudimentary glumes thus 

that long empty glumes in all of these varieties are under recessive gene control, Tht 

，,-, of all of these varieties with RGS 10 had lぃngempty glumes thereby showing that the 

recessive genes conditioning long empty glumes m all these varieties are allelic tog Since these 
vari臼iescome from many different countries, they are unrelated to each other. Thus the different 

mutational events must have occurred at the same locus as independent events. Our search for a 

new locus conditioning long empty glumes was unfruitful. 
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1:319 P L 1印 76E"c し,、n:ma 

358 PJ. 16076り］ し•'1nrna 
'±匁0"4; PL 16086:3 ! し.,n,ma 

; : ::,-,.,)s.l c FいOhCha戸

圧1537 P1en Chan -s.ー,、 1nma 

1583 Chan筵Ch'sa月廷
Chma 

280!1 勺,, ai, wan 

4000 
4212 B叩 nar Indonesia 
5999 Pankhari 203 India 
6'.174 PankiraJ 258 
8268 Pappaku ぶl"mwan 
8519 DZ 180 
8739 じCP38 
11875 Kh. Nganい しaos
Eil65 C 
l:i900 
17065 Napa!supai Taiwan 
17909 Ketan Indonesia 
22422 ARし12889 India 
23240 Slab Cambodia 
2:1267 Srau Cambodia 
23527 Khao Pick Deng Laos 
24182 Ba Ponar Vietnam 

22, Mutant genes controlling starch 

Kazutoshi OKUN01 and Masahiro YANO' 

fM3心01,and 2) Facultv of 

bank with long empty 

- --・ ~・ --・ ---. . . " """""'" -・・, .. . , -一つ. ~---

Ace No, 

戸口lutKalesa 
Pulu 
Pulut 

rsao-fe1士u-feng
:l0593 Pa,"' ・0n 
30733 Jebowa!ogi (A2-102) 
30740 Kartrwegee (;¥2,76) 
:30795 (A2-95) 
:!0809 Neiemah (A2-98) 
30864 Li屁nanColl. Dl-JJ 
:31335 Liberian Coll B-7公

Fori Pakn 
ふ,.勺〉た//,)/・r, 

Taungpyanい）
［ Pakhai Ra1 

Pankhiraj 
140::lり

42829 ARC 13994 
4:1240 ARC 1b858 
46511 Pankhasa1l 
46512 Pankheraj 
47039 2・1S1ふC77
50855 I (531) 
葛392 Fei七lai-feng

. . 
m nee 

composed of two kinds of polysaccaride, amy lose and 

'ma'ones1> a 
Indonesia 
Indonesia 
China 
Sierra Le国 記

Libena 

Libena 
L1ber訊
Libena 

Burma 
Burma 
lndrn 

India 
lndi;i 
India 
Indrn 
India 
I,・orv 
!rnry 
Chma 

genes controllmg the proportion of amylose to amylopectin have not been identified although the 

四 isknown to suppress amylose production. In maize, several genes which change the proportion 

of the two types of starches are known. The present authors found genes for low and high 

contents among lines induced from Japanese cultivars: the lmv amylose mutant was obtained from 

the progeny of Norin 8 treated with 32P (beta ray), and the high amvlose mutant from Kinmaze 

treated with NHU 

The low amylase mutant was characterized by'dull'endosperm. The starch ¥vas analyzed by 

gel filtration on a Sephadex G-75 column of starch components after debranching with 

Pseudomonas isoamylase. The content of amylose (Fr. I) in the dull mutant was about half of that 

of normal Norin 8. The contents of'intermediate fraction'and Fr. II (longer unit chains of 

were similar to those in the ¥vaxy (glutinous) mutant and normal, and the content of 

Fr. III (shorter unit chains of amylopectin) was higher than that of normal, covering the reduction 

of amylose. However, the Fr. III/Fr, II ratios did not differ much among the normal, dull. and 

endosperms, suggesting that the distribution of unit-chain length of 

remained unchanged in the mutant lines (Okuno et al. 
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い;0mutant line,, ¥令vithan increased amyloseぃntentwere 

xhich had been induced from Kinmaze. Their 
; 1s that of the normal line. One of 

among those 

contents were 29.4 

EM・16, was used for 

control 
the normal sh<;wed a type-A pattern which 

mutant showed a type-B pattern. The onset temparature of gelatinization of the mutant 
was much hぼher(63°-69°C) than that of the normal line (52''C). The endosperm cells of the 

round-shaped starch granules, while those of the 

starch granules. The high amylose mutant seemed 

to those of the amylose-extender (ae) lines of maize. The F2 seeds 

from a cross between normal and high amylose iines segregated into :1 normal : l high. The 

content was controlled by a recessive gene, which was symbol叫仰 tentatively.

Reference 

K, H. Fuwa and M. Yano, 1983. A new mutant gene lowering 

starch of rice. Oryw saliva L Jpn. J. Breed :n 387-394. 
content in 

23. Endosperm mutants of rice induced by N・methyl-N-nitrosoureatreatment of 

fertilized egg cells 

Hikaru SATOH, Masahiro YANO and Takeshi OMURA Plant Breeding 

Faculty of Agriculture. Kyushu University, Hakozaki, Fukuoka. 812 Japan 

Se,-eral kinds of induced mutants for embryo or endosperm properties have been reported m 

rice recentry (Toda 1979; Amano 1981; Satoh and Omura 1981; Okuno et al. 1983; Yano et al. 

1984). We maintain about 400 endosperm mutants of rice with several thousand morphological or 

mutants, most of them induced by N-methyl-N-nitrosourea (MNじ） treatment of 

fertilized egg cells. This method gives a high mutation frequency and little chimera formation 

(Satoh and Omura ] 979). The spectrum of endosperm mutants made available in rice is now as 

rich as that in corn (Satoh and Omura 198]). 



mutants ・・ ロducedby oneれourtreatment 
eggs are印venin Table 1. The frequency varied 

m the ,vhite core mutant, possibly reflecting the number 

results ぃfallelism tests suぃportedthis assし汀nption.The 

types seemed to differ aceぃrdidngto the stages of treatment 

Table L The mutation 
0,75mM 

for embryo and 
treatment fo.r one hour at 
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・r l ! も,eatment stage (hour after !lowermg) 
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Gene analysis for these mutants indicated that most of them ,vere controlled by a single 

recessive gene with the exception of two floury mutants, one controlled by a叩ingledominant gene 
and the other by two recessive duplicate genes (Satoh and Omura 1981). All glutinous mutants 

examined ,vere allelic to籾xlocated on chromosome 6. AH dull mutants except for one showing an 

intermediate glutinous心rdinaryproperty, were controlled by genes independent of wx. There were 

at least four dull locL and one of them, du-1, was located on chromosome 7. Genes for three high 

mutants were at the same locus. Most of sugary mutants were controlled by the same 

gene. su, which was located on chromosome 12. There were at least two loci for shrunken 

mutants, one being located on chromosome 3 (Yano et al. 1984). Two loci were recognized for giant 

mutants, one belonging to chromosome 10. There were many different loci for floury or 

white core mutants. one of which v;os located on chromosome 5. 

References 

btochemical characicrization of waxy mutants in cereals. Environ-
:37: 35-41. 

!983. A new mutant gene lowering amylose content in 

saliva L Jpn. J. Breed. :n 387-394. 

H. and T. Omura, 1979, Induction of mutation by the fertilized egg cell with N-methyl-

N-nitrosourea in rice、J.Fae. Agr. Kvushuじniv.24: ]応174.

,, ____ and ----~-, 1981. New endosperm mutations induced by chemical mutagens in 

rice, Oryza satiua L. Jpn。J.Breed. 31: 3Hi<326. 

M., 1979. of new varieties gamma-rays. Gamma Field Syrup., 18: 73-82. 

M., Y. Isono. H. Satoh and T. Omura, 1984. Gene analysis of sugary and shrunken mutants 

of rice. Orvza salica L fon. J. Breed. 34: 43-49. 



IV. of gene 

24. Differential regulation of v1:axy gene 

Y. SANO Na! Institute of Genetic,、
The evidence 

waxy strains and increased ,vith the numher of Wx alleles in 
the major protein was the Wx gene product. In addition to wx alleles which result in the absence 
or drastic reduction of the Wr gene product and arnylose, differentiation of W:(alleles seemed to 
have occurred among ncm-・giutinous rice strains. i¥t least two Wr alleles, ILr'and Wげdifferingin 

in the production of the major protein as well aヽ ofamylosピ ¥veredetected墨

Of special interest is the presence of different alleles, ivぐ andH: いwhichregulate the 
level of the gene product. The two a且e!esmay be regarded as the result of a mutation 

at or near the structural gene. Thus, bi叩 hemicalapproacheヽwthe study of 
in riい： may throw more light on not only an important quality trait but also 

mechanisms of gene expression in rice. I intend to investigate whether the level of H':l・protein is 
well correlated with amylose content in endosperm starch by using various induced mutants. 

25. Unusual found at the locus 

of Agronomy, National 
Taiwan 400, !WC 

An early flowering is(、igenicline of T65 tTaichung 65) with gene 
hereinafter abbreviated as E''). T65(7)E". was obtained from recurrent backrosses Ci 
with a native variety from northern China, Tatung-tsailai, used as the donor parent 
Tsai and Oka 1965). Three isogenic lines with E" plus m-lV (formerly symbolized m", hereinafter 
abbreviated as m, since m" and m'',vere found to be identical), T65(7)E'mむ， T65(7)E'm1,and 

T65(7)E'm2. were also isolated from the backcrossing experiment. The three sib-lines showed a 
heading time much earlier (about 10 days) than that of T65E" which was about 8 days earlier than 

T65 (withが1and m'"E, ハinboth the winter (first-crop) and summer 
similarly; the m allele emphasizes the heading-promoting effect of E''. However. the heading time 
of lines with m alone (without E'or with ej-1) was earlier than that of T6Ei only a few days in 

and did not differ from that of T65 in summer (Tsai and Oka 1966). The m locus was 
found to be linked with応 (redpericarp), the recombination value being 23%; it belongs to the 4th 
linkage group (Tsai 1984). 

The F2 of T65(7)E'x T65¥7)E'm" segregated form into 1 early (E"m): 2 medium: l late 
type. and the early type bred true in the F1. The F2 of T65(7)E" >< T65(7)E'rn1. 149 plants in total, 
also segregated similarly, but a part (6 of 2R) of the early-flowering segregants did not breed true; 
the 6 Fi lines, which were expected lo be homozygous for earliness (E"m), segregated into early and 
late types, the ratio being approximately 8:1. Among the F4 lines derived from 2 of the 6 
segregating Fi lines, those from 25 early-flowering F, plants bred true for earliness, but those from 
fi late-flowering (E'mt type) Fi plants showed a 1 t'arly : 2 medium : 1 late ratio, suggesting that 
the late segregants from『m plants had the rn・allele. 
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27.Geo印 aphicaldistribution of esterase genotypes of rice in Asia 

Masahiro NAKAGAHRL¥ National Institute of Resources, 30『

Esterase variations of Asian rice cultivars are determined by genes aし4loci, EstI E豆2,~st3 
and Est-4 (Unpublished). Alleles so far found are 2 at Fsf.1 (Est-I and Est-l""') 

2 at Est-3 (Est-3S and Esf..'JF), and :; at Es/4 
and Est-4血 1).Est-2 is located on Chromosome 7 /1st 

sequence and linkage intensities (Nakagahra and 
thも

I← ... ----..... ---38. 4 ← -・-・23 .1 ------~. o-:J 

1.JX c
 

Est-2 1i冶

32.4 

There was no evidence for linkage between Est-1 and Est-2 or between Est-2 and Est-3 
1977). The geographical distribution of genotypes for these enzymes was reported earlier with 
1,190 indigenous rice cultirnrs (Nakagahra 1978). Since then, the present au1hor and COW(lrkers 
have explored different regions of Asia to obtain more material, and have studied a total of 2夕75:2
native varieties. 

With regard to the Est-I, Est-2, and Est-3 loci, 12 genotypes were found as follows: 
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Fig. 1. Geographic distribution of esterase genotypes in native rice varieties in Asia 
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Chiasma studies in genus 

K. K. JENA and R N. MISRA Central Research Institute. Orissa, 75300G India 

Mode of reproduction and growth habit exert a great influence on chiasma 

hence genetic recombination in plants. Darlington (1937) and Mather 

perennial and cross pollinated species in general exhibit lower chiasma frequency in comparison to 

their related annual self-pollinated relatives. Since the evolutionary change in many genera is from 

to annual ha hit, most of the primitive perennial species exh由itlower chiasma 

in comparison to the more evolved annual forms. 

of chiasmata frequency at diplotene and metaphase I in eleYen diploid 

in agreement with the alxlve generaliations and reveals that the perennial 

0. barthii, 0. a ustraliensis. 0. gnmulata and 0. cullina have lower 

0. saliva, 0 .. /llaberrima and chiasma 

cubenさis.

In the present study (Table ll. the chiasma frequency of 0. barthii was found to Ix、1.31and 

l .l l at diplotene and meta phase I stages, respectively. Das (1961) while comparing the chiasma 

of 0. rufit>1反onand 0. barthii also found that the latter species has exceptionally low 
。.rufipogon and 0. cubensis are the 

The evolutionary trend in 

habit. The chiasma frequency data 
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Table 1. Chiasma frequencv at di!)lotene and in 0りzaspecies 

Chiasmara at d1plotene Chiasmata at Metaphase I 

Species of Mean Mean No. of Mean Mean 
PMCs Xta per Xta per PMCs Xta per 
studied bivalent cell studied bivalent cc廿

ー、~ヽ~...ヽ，幽- ・ . ,・. ベ.....← -----・.---- • -・----← --・ 

0. austmliensis 
(SC 452) 1:3 2.::l3 27.96 16 1.18 14.il 
0. meyeriana (SC 306) 4 L62 19.34 20 1.51 18.21 
〇。

(SC 308) 21 2.~i 31.56 18 1.83 22.0 
(SC 279) 1I 2,36 28.32 22 L96 20.82 
(SC 268) 8 2.83 :33,96 12 2.32 27,84 
0 collina 7 1.90 22.9 14 L58 19」
0. barthii 43 i.:n 1,i.8 23 LI.I 13.3 
0. rufipogon 
(SC 145; 11 2. 28.6 29 1.82 21.9 
(SC HO) 29 2.54 30,5 
(SC 159) 14 2もふn 24.5 14 L96 23,5 
0. nivara 
(SC 31) 18 2.40 2R8 
(SC 51) 21 2,56 30.75 
0 tubensis 14 2.61 24.32 10 2.43 29.16 
0. breviligulata 8 2.48 29.76 
0 glaberrima* 
CEC 21932) 12 3.06 36.72 16 2.63 :-!L56 
0. saliva* 
(A-18) 17 2. お 29.76 14 2.47 29.70 
(T141) 13 4 30 51.60 22 3.:H 39.88 
(Norin-20) 11 2.66 3192 20 2.41 29.92 

* Self-pol!mated. cultivated species. 

obtained here are in accordance with this trend. Among these wild perennials. 0. barthii maintains 
maximum primitive characters and is fully self-incompatible. 0. rufipogon which is relatively more 
advanced exhibits higher chiasma frequency than 0. barthii. Similarly, 0. cubensis which is a 

weak perennial and has progressed in the direction of annual growth habit, exhibits higher 

chiasma frequency. Other annual species of this complex exhibit higher chiasma frequency which 

is indicative of their highly evolutionary advanced condition. Primitive species like 0. australiensis, 

0. collina and O granulata exhibit lower chiasma frequency. 

It is obvious from the foregoing observations that in the genus Oryza, the general evolutionary 

trend is towards development of mechanisms enhancing effective genetic recombination (higher 

chiasma frequency) and change from perennial to annual growth habit. 
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VII. Linkage groups, trisomics and 

Trial construction of cvtolo~ica] map in rice 

of the Nishihara, 

Since twelve linkage groups corresponding to the haploid chromosome number of rice were 

and Takahashi (196:3), the relationships bet¥veen linkage groups and 
chromosomes have been examined by the use of segmental interchanges and primary trisomics 

(Iwata and Omura 1971a,b, 1975, 1967; Sato 1976, Sato et al. 1982). Interchange homozygotes used 

in these experiments were all determined cytologically and the chromosome numbering system 

proposed by Nishimura (1961) was followed. The results sho¥ved that three linkage groups, VI, !X 

and XII were associated with the 2nd choromosome, two groups, V and VIL were assigned to the 

1st chromosome, and that the remaining seven linkage groups corresponded to seven other 
chromosomes. respectively. Accordingly, three linkage groups remained to be established. A new 

linkage group corresponding to the 7th chromosome was recently identified (Sato and Shinjo, in 

preparation). The remaining two groups will be established in near future. Several genes have 

been found to be located on the 4th and 12th chromosomes, to which no linkage group had been 
assigned (Yoshimura et al. 1982). 

The construction of cytological maps is a problem left for studies in the future. The point of 

interchange is a useful cytological market. To determine the point of interchange and the position 

of centromere, Sato et al.(1980) observed pachytene chromosomes of hybrids between two 
reciprocal translocation homozygotes with different interchanged segments on the same 

chromosome, which show a configuration of six paired chromosomes, in comparison with those of 

their simplex heterozygotes. By examining the ratios of interchanged segments, the breakage 

points could be located on respectively chromosomes. The centromeres were represented by a 

small block of heterochromatin in the pachytene chromosomes, although it was not easy to 

determine !he position when two or more heterochromatin blocks occurred on a single 
chromosome. Yet, a study of configurations of six paired chromosomes could bring about a 

provisional determination of the positions of centromeres. Thus, the cytological map for nine 

chromosomes indicating the point of interchange, centromere and several marker genes were 

constructed (see Fig. 2, (B) Current Linkage Map, 

References 

Iwata, N. and T. Omura, 1971a. Linkage analysis by reciprocal translocation method in rice 
plants (Oryza sativa L), I. Linkage groups corresponding to the chromosome 1, 2, 3 and 4.Jpn. 

J. Breed. 21: 19-28 (Jap./Eng.). 

- and , 1971 b. Ditto, II. Linkage groups corresponding to the chromosomes 

5, 6, 8, 9, 10 and 11. Sci. Bull. Fae. Agr., Kyushu Uni¥'. 25: 137-153 Gap./Eng.). 

- and , 1976. Studies on the trisomics in rice plants (Oryza saliva L.), IV. On 

the possibility of association of three linkage groups with one chromosome. Jpn. J. Genetics 51: 
135。137.

Nagao, S. and M.E. Takahashi, 1963. Genetical studies on rice plant. 27. Trial construction of 

twelve linkage groups in Japanese rice. J. Fae. Agr、,Hokkaido Univ. 53: nl30. 

Sato, S., 1976. Linkage analysis of rice plant by the use of reciprocal translocation lines. Bull. 

Coll. Agr., Univ. Ryukyus 23: 73-104 Gap./Eng.). 

, T. Kinoshita and M.E. Takahashi, 1980. Genetical studies on rice plant, 71. Location 



3じヤ改'l:398

A。.N. 
method in rice ((}ryza satim 
Breed. 32: ;3犀 332.

m 
.. 

or nee. 已さふeed.

託1982 transk兄,ition

Marker genes located on chromoso汀tes2, :3令 4and 7 

31. Cytological identificaito11 of extra chromosome in trisomics and location of the 
brittle寧 culm

c1nd Mei-Chu 
Taiwan 115, ROC 

Institute of Acaden1ia Sinica, 

There trisomic lines, R78-14-8, R77-16名
the !nternational Rice Reseach 
chromosomes 
tnsom1c Imes were chromosomes the chromosomes were numbered 

on:k予 R77-16-3hadいいJpairs of nucleolar chromosomes、

chromosomes. 
to 

Each of the three trisomic lines were crossed to six marker stocks carrying d・1 <Daikoku 
Dn (dense panicleJ, lg (liguleless), gl (glabrousness), g (long empty g!ume), and be (brittle 
respectively. Since the F1plants had a low fertility due to the effect of an extra chromosme 

and Indica (trisomic) x Japonica (marker) crosses, only 6 cross-combinations yielded F, populations 
large enough for studying segregation ratios. One of them, R77-16<-l x be, gave a ratio significantly 
deviating from 3:1 and fitting the trisomic ratio. This indicated that be was located on chromosome 
VIL 
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32. Use of primary trisomics of rice for associating linkage groups with respective 
chromosomes 

Gurdev S. KHUSH, R,J. SINGH, Sぷ.Sl'.R and A.L LIBROJO International Rice Research 
Institute, P.O. Box 9~'!3, Manila, Philippines 

Twelve linkage groups corresponding to the haploid chromosome number of rice were 
suggested by Nagao and Takahashi (1963). However, these linkage groups have not been associated 
with the cytologically identifiable chromosomes and their independence has not been tested. We 
established all the twelve possible primary trisomics in the background of a disease and insect 
resistanct and widely grown indica variety, IR36. The extra chromosome of each of the trisomics 
aヽsidentified at pachytene stage of meiosis following the numbering system of Shastry, Ranga 

Rao and Misra (1960). Accoridng to this system the longest pachytene chromosome ,vas numbered 
as 1 and shortest as 12. We studied the segregation of 22 marker genes in the trisomic progenies. 
In all we tested 120 out of 264 possible combinations involving 22 genes and 12 trisomics. On the 
basis of modified trisomic ratio technique we were able to identify marker genes for all the 12 



group、VI.IX, andいい wereassociat訳:iwich chromosome 5 and 

V were associated with chrom応 0『証 9,Neゞ linkagegroups for 
establishe吐 •.• 「herelationships between the chrorno気nnenumbering 

，…ヽ w 知いふ， andMisra (1960), Nishimura {1961). Kurata and Omura (1978) and 
groups of Nagao and Takahashi (1963) are shown in Tabie 1. The table also shows 

between 01」rtrisomics and those of Ivvata and Ornura (1975)" Detailed paperぃnthese 
'Nill appear in volume 106 of Genetics. 

Table l。 between 
groups, and m~;rker genes of dee 

C hromosornes •r . . 
1 nsom1cs 

groupヽ
. .. .ヽ.. .. ・，.. .. 

Kura ta Iwata Nagao 
and'This snd and 

Omura stu出 Omura Takahashi 
(1978) (l 975) (1963) 

ヽ... ヽぐ..ヽ←ヽ . ... ・. . 、 り~ 心. . ..  ペ. ... ... 、・- ..... .. .. . ヽヘ-

3 Kl* 1 0* m 
8 K2* 2 r心 x
6 K6 :l B l 
5 K3* .J M火 XI

K9 Ei L VI. IX, XII 
6 A ・-

F lV 
D 
H 
し

G 

E 

T
i
ツ
j

?

J

ご

a

ゥ

1

8

9

0

2

l

]

1
ふ

Nishimuni, 
(19Gl、}

* added 

i 

lO Kll 
12 K7 8 
l KlO 9 

7 K12 10 
9 KP. 11 
l K4 12 

.. . 

ed甘oras per Iwata, Satoh and Omura (、No.341 

Maker 
genes 

eg. lax 
伍

WX, WS 

如， ch,,dl 
ghぃ)lい』
s祉， rl,

ば

一因， SU、

VII, V dp,, dゅ,,!Bf
- pg/, fl 
VI! la, z, 
II lg, Pl 
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:33. Establishment of a complete trisomic series from a Japonica rice variety 

Nobuo I¥¥「ATAand Takeshi OMllRA Faculty of Agriculture, Kyushu llniverゞity.Hako・ 

zaki, Fukuoka. 812 Japan 

A series of 12 different types of trisomics had been isolated earlier from a Japonica . w ハ-'J,

and Koga 1975). However, the investigation of karvotvpes of extra 



chromosomes じyKurata et al. (19呂し revealedthat four of the tfisomics had l月esam.e extra 

chr〈Jmosome(KlO). 丁hus,these four were reclassified to be identical and 1he trisomics for 

three longest chrornosomes (KL K2 and K:-J) ¥Vere not present in c〉urseries. The extra 

chromosomes of 1 he 9 type立; were identified by crossing them with marker stocks (Iwata and 

Omura 1975, 〗：汀6; Iwat;, et al. 198,1). The relationships betweenへagaoand Takahashi's 

groups and chromosomes numbered for designation of 

Nishim霊 a(1961) ¥Vere es『ablished

and Omura 1971a, b, 197Ei, 1976; 

chromosomes Kl、K2and K3〈chromosomes3, 8 and E1, respectively, of 

in our series, werピ贔coveredrecently, as types 0や

progeny of triploid plant只 ofNipponbare. The results from 

with these new trisomics are summarized in Table L In crosses with type M, marker 

genes dl, ch-2 and 1:-2 located on cりromosom炉:i (K3) slいwedtrisomiしratioseith, ぶrin BF: or in F1. 

were found to have chrornぃヽome8 (K2i and 3 (Kl) as extras, 

of chrりmosomesふ8and 5 to Kl, K2 and K3 was th犀

established. 

Table l名 for some marker genes located on chromosomes :i. 5 
crosses with M, N and O types of 1risomics 

8inBF, 

- .. . . . .. ← ..  . ● . . ... . .. - . -

,・, 
し頁1sscombrna1.1on S奴 regationnwde x' 

い'isomicF marker Dommant Recess1vじ Total 1・［ : l 3:I 
---← ・-• • • • ·• ← -・ヤー • • •.•• ••• •• ---- • -. • . • ••• ---や--・・・- --•'-• → -·-• ←← •-s . . . . ・--・・ . • や··•• •• ,. . ・・-----+-. ... . . ら~- . . .. . ----------・ _,, ______い. -• --------------・・ --・・ --- • ---
(M type" dl) x dl 1 0 54 
(M type x ch-2) x 10 ... 28 0.(〉2
(M type x v-2) x 11-2 34 10 44 l:i 09*** 2?:3 

..... .ヽ..―--「"•"•-~--. • ••••••• ·~-.. -ャヘ―.....呵- . . . ""―""" • ・• • -・ ・-會.....-・. • • • • .. ヤ←---- - • •• • • • ---• • "' •• 

ベtypex gh-2) x gh-2 132 ]'"'9こ''｝ 47.86*** 7、22砂

(N type x gh-2) selfed 13G ， 14:S 27.31認＊

(N type x dl gh-2) x gh•2 209 60 269 82.53*''* l,l,72*** 
type x dlばh-2)x紅 :l49 3:15 684 025 72*** 

(N type x ch・2) x ch•2 220 180 400 4.00* 訊ぷO***
(N type X び1) 1い］ 70 61 l:31 0.68 10.32*** 

-•• ·--~ 『-・・・. • - --・--- • • • •••• --•'"". • • • • • -・・'.  • . .• ~ ← 

(0 type x lax 11-6) x 1・-6 66 21 87 23.28*** ,)、、,.)が~＇ 1`  
(0 type x lax v 6) self国 549 34 583叶 il4 24*** 
(0 type x laxひ6)selfed ll:3 3 116 :31,08*** 
{0 type x d-18) x d 18 96 30 126 34.57*** 5.14沈

a) Se印・egationf国 1•·6. b) Segregation for lax 
In this cross, only 1'・6'plants were used to observe the segregation for lax. 
*, ** anct ***: Si如 ficantat 51½1. 1% and 0.5% levels, 

The morphological features of the trisomic series are summarized in Table 2. The M type is 

completely self-sterile, but it set some seeds when pollinated by fertile disomic plants. The 

among the trisomics, chromosomes and linkage gropus are given in the note 

Satoh and Omura that follows. 



Tablt': 

Short name 

:, Pale 

B ふ¥'nt'<:1

C Small grain 
Erectoides 

E S 
F Rolled leaf 
G Pseudo虹normal

Large grain 
L Short panicle 
M St臼・ile
N Srnooth ghmi,: 

゜(R臼erenc恥··• See the 

trisomics derived from a 

featur応

Pale gree戸 lゃいesat heading stage, fertile 
ふ）mewhat只1Ughand la:, panicks, ; ぃvned
Fine stature, bushv, small grain 
Dari, green leaves, erect panicles, shぃrt旦rain
Open tiller, more or less narrow 
Semi•rolled leaves, imperfect panicle emergence 
Nearly the same morphological features as disom1cs 
Dark gTeen leaveヽ， largegrain, excess of nucleolar chromosomes 
Short in height. short 
りark四eenleaxes, short in height, perfectly stenle 
Dark green leaves. srnall and smooth glume. highly sterile 
Pale green and droc札,pyleaves, bushy, small and narrow grain, highly sterile 

note, Noぐ 34;



behveen chromosomes identified 

Hika1…u SATOH and丁akeshiOMURA 

812 

and 

the establishment of 12 linkage groups corresponding tい［国 haploidchい）mosome 

number of rice b〉 Nagaoand Takahashi (1963), ¥Ve have been irweピ，tlgatmgthe 

between the linkage groups and chromosomes mainly by using trisomics and 

translocations (h,;ata and Omura 1971a, b, 1975. 1976. 1984; Iwata et aL 1984; Kurata et al. 1981; 

Sato 1976; Sato et al. 1982; Yoshimura 1982). Recently we have established the 

between all the chromosomes and linkage groups. The results from diffでrentseries of 

summarized in Table 1. 

Table 1. Relationships among chromosomes, trisomics and groups in rice 

Chromosome 

RT Karyotype 
~ ・ゞ~・

1 K10 

.. . ヘ ..  .. .. .. ● . ------- ...  ーヽ← ・ヘ・.... . ... ―.. .... . . ...... 一•一ー-·ヽ ~ 

sorrd cs 
. . 
し,nkaoe

J 
.. . . ..  

し戸[.ヽ ょca Indi ca grouo 
~ ~ ~ ヽ .....

丁ripl(、, 9 VJ. 
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a~ '"/ * 
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st:l* 

, spl・・J汝ダ

'wx 

x
 

q )  ,-

A, clピぢ女, ch-6 *, ふ 10*,主,eg*, fs-2, 

旦王 Pn,Rd, 、rJ-2汝, spl.・・6*, 亡互＊，

d-B*, nal-2*, rl・・l, spl--・.l* 
~ ~ ~. ~ 

1, cb-1 *, 三二三宕,ch-3沈, chゴ＊

, drp-4•·,·fc*, op究

, v-2*、v-5*,v-7*, -
c, 竺仁竺`，三，虫？二!:_*,s pl-4*, v-3*, 

du*,fl*, 邸ql *, Rf-1 .• rk-2 . ,,  

bl-1, bc-3*, d-K-1*, ふ K-4*,d-e戸，王江三＊

~
 

{，j
 

ー＞
 

V
1
’
i
 

r'4
て
ー

gh-3*, .sp.1-2>・, tri 

ふ C*, 圧 K-3*,d-戸， la,

だ 9(t) * 

ふ 6, 可， ge*,Re, rfs*, 弓p!.-・5*,v-ll{t}* 

d-2, ふ 11*,LI, nal--1.*, Ph*, PL, 巳二*,ylm女

d-51*, su*, ur-2(t)*, v-8*, :c-4* --
... • . - 、 ヘ・

v-4*, z-l*., z-

RT•- Arbitrarily numbered on the basis of studies of reciprocal translocations by Nishimura fl961). 
Karyotype -Numbered according to the length of somatic prometaphase chromosomes in descending order by 
Kurata and Omura (1978). 
Trisomics. Japonica - Derived from Nipponbare, classified morphnlogically (Iwata cl al.1970, 1984). 
Trisoics, Indica - Estblished by Khush et al. (1984). 
Marker genes - Shown by symbols used at Kyushu 
Underline indicates genes whose location was determined by 
the staff of Kyushu University. 

of Plant Breed. 
* indicates genes described by 
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groups, 

among these differem series were 
listed in the table, particularly by trisomic 

groups V!I and V were associated with chromosome 1 which is the extra chromosome 
) f the H-type trisomics, Genes Bp, Dn and dp-2 (linkage group VII) and I-Bf (V) showed trisomic 

「atiosin crossesヽ iththe H-type trisomics (Iwata and Omura 1975). Similarly, linkage groups VL 
IX and XH were found to be associated with chromosome 2 which is the extra chromosome of the 

trisomics (Iwata and Omura 1976). The linkage relations bet¥veen I-Bf and genes 
to linkage group VII still remain unknown, Linkage relations among genes of linkage groups 
and XII were confirmed by both conventional and reciprocal translocation methods 
al. 1982; Sato et al. 1982). 

None of the Nagao a叫 Takahashi'slinkage groups could be assigned to chromosomes 4, 7 and 
12. However, sewral genes were located on them through trisomic analysis (Iwata and Omura 

Iwata et al. 1984; Yoshimura et al. 1982; Sato and Shinjyo 1978). Their linkage relations still 
remain unknown. The linkage groups assigned to respective chromosomes are shown in Fig. L 

Many of the mutant genes listed in Table l were induced by irradiation or application of 
chemical mutagenes, but additional marker genes are necessary for preparing detailed linkage 
maps. The numbering system of rice chromosomes is not standardized as yet. It may be based on 
the length of chromosomes, but there is no complete agreement between the order of length of 
chromosomes at pachytene stage and that at somatic prometaphase. The adoption of an 
system would depend upon discussions among rice geneticists in the future. 
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rescue of and its scope in rice 

and G.S. KHUSH' internat10nal RiぐeReseach Manila, 

tool for the 

. et 

of brovrn planthopper (BPH). In order to transfer genes for BPH 

we crossed them with three improved plant・type BPH 

IR25587-109<3・3・3・3 and IR31917-45各2.

accessions of 0. austrahc11sis. !'i accessions of 0. 1門(ficinalisand l accession of 0. 

male parents inしrnsseswith three breeding lines of cultivated rice. Due to cross 

between the parents we obtained very low seed set and few hybrid seeds we 

To overcome the 

Most of the hybrid embryos started degenerating two weeks after 

between the genomes. 

of degeneration of interspecific hybrid embryos we resorted to 

after 14 davs of pollination, were taken and surface sterilized in 

sodium with 2 drops of Twin-20. After washing them in 

Table 1. Embryo rescue of interspecific hydrids 

Embryos 
Percentage 

Hydnc combmation 
ぶ』!l Vl  ¥ I'VO 

of ger-
cultured germinated 

ruination 

1Rl529-680-3-2 x 0. australiensis (1) 27 :n 77.8 
IR1529-680-3-2 x 0. australiens1s (2) 34 13 38.2 
IRl 529-680-3-2 0. ausiralie11s1s (3) :16 27 75.0 
IR応29-680-3-2 0. ofjicinalis (1) 148 S:l 56.l 
限1S29"680乳2x O ofj"icinal!s (2) 174 78 ,i4,8 

1Rl529-680ふ2x 0. ofj'icinalis (3) 98 72 73.5 
!Rl529-680-3-2 x O officmalis (4) 6 3 50.0 
IR1529-680-3-2 x 0. o_fjicinafis (5) 8 5 62.5 
IR1529-680-:3-2 x 0. brachyantha 37 29 73 5 
IR25587-109-3-3-3-3 x 0. australiensls (1) 8 4 50.0 
IR25587-109-3-3-3-3 x O australiensis (2) :) ク 4 80.0 
IR25587-109-3-3-33 x 0. australiensis (3) 7 71.4 
IR25587-109-3-:3<l.:J x 0. a/ficinalis (1) 4] 21 51.2 
IR25587-109・3・3・3・:3 x 0, ofji'cinalis (2) 19 12 632 
IR25587-109-3-3-3-3 x 0. ofjidnalis (:3) 45 28 62.2 
IR25587-109-3-3-3-3 x 0. (i/icinalis (4) 13 6 46.2 
IR25587-l09-3-3-3-3 x 0. CJ、(ficmalis(5) 15 12 80.0 
lR31917-45-3-2 x 0. australiensis (1) 16 8 50.0 
IR31917-45-3-2 x 0. australiens1s (2) 14 6 42 9 
IR31917-45-3-2 x 0疇 australiensis(3) ， ,r ) 55.6 
IR319ff45・3・2 x 0. officinalis (1) 59 39 66.1 
IR31917-45-3-2 x 0. oj/icinalis (2) 71 49 69.0 
IR31917-45-3-2 x 0. 0Jfid11alis (:3) 7 :3 42.9 
IR31917べ45-3-2X () (4) 22 14 6:3.6 
IR:ll917-45-3・2 x O oJJicinalis (5) 13 4 30.8 
!R31917-45-3-2 x 0. brchyantha 5 4 80.0 
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36。A rapid method for identifying different dwarfing genes in rice 

Ish KUMAR'and T.H SINGH Department of Plam 
University, 141004 India 

A breakthrough in rice production has been attained through the development of semi-dwarf 

varieties. The semi-dwarf varieties in addition to having lod印ngresistance, have high nitrogen 
TNl from Taiwan and IR8 from IRRI, Philippines, inherited their common 

gene from Dee-geo-woo-gen (DGWG). After the success of rns the breeders 
depended heavily on this source of short stature. This has resul1ed in narrow germplasm base of 
the world's rice crop, as far as dwarfing gene is concerned. Studies are underway for identifying 

new dwarfing genes. Allele tests between the new genes and the DGWG gene require 3-4 growing 

seasons as crosses must be made and F1 and F2 populations must be examined for plant stature. In 

this study a new approach to identify a dwarfing gene different from DGWG is 

Variety 1R8. PR106, TNJ, Basmati :no and IR127-80-10---1 were planted in a single row in 

rice experimental area, Punjab Agricultural「niversity,Ludhiana (India) in the later part of the 

rice planting season, i.e., on 15th July, 1982 in t¥vo replication. The row to row and plant to 

distance was :30 X 20 cm, respectively. Freshly prepared 100 ppm, solution of GA, was sprayed on 

five plants of each variety, in each replication, at the booting stage. Final obserYations on culm 

elongation after GA, sprav were taken at full maturity of all the varieties. The results with respect 
to control and sprayed plants are given in Table. L 

The data show that three varieties, e.g., IRS. TN l and PRl06, which have the same dwarfing 

gene from DGWG, responded similarly to the exogenous supply of GA,. All these varieties showed 

a response of about 30 percent increase in culm elongation over their respective controls. Even the 

traditional tall variety Basmati :170 indicated a response of 14 percent increase in plant height. On 

the other hand plant height of IR127-80-10-1 at maturity showed no increase after the exogenous 
GA1 spray (Table l). This lack of response to GA, clearly shows that the dwarfing gene in IR127-

80-10-1 is different from the DGWG gene present in other three dwarf varieties. 

The dwarfing gene of IR127-80-10-l ws found to be different from DGWG dwarfing gene by 

genetic analysis. The height of F1 plants of the cross between TNl and IR127-80-10-l was 135 cm 

and compared to 83 cm and 94 cm for TNl and !127-80-10-1, respectively. The F2 of this cross 

showed transgressive segregation. the range being 60 cm to 165 cm. IRRI (1967) also reported that 

the dwarfing gene in CP-SLO (one of the parents of IR127) was different from the DGWG gene. 

1. Present address: Post Doc. Fellow. Department of Plant Breeding. lntcrnat1onal Rice Research lnsutute, 
P.O島 Box933, Manila, Philippines 
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IRS 
'「Nl
PRJ06 
Basmati :"!70 
IR 127-80-10-1 

86 
88 
88 
190 
76 

65 
70 
68 
166 

75 

These results indicate that GA1 and 
in the segregating J)()pulations of the crosses between varieties 

DGWG gene. All the plants having least response to GA, would be 
CP-SLO and the ones having DGWG would respond to GA1 
rapidly identifying the different 
also. 

Reference 

IRRI. 1967. International Rice Reseach Annual for 1%6. 

37. High recovery of useful hybrid mutants in a lowland of rice 

R.C. CHAUDHARY. D.P. MISHRA and V.N. SAHAI Rajendra 
Agric. Research Institute, Bihar, Mithapur, Patna, Bihar, 800001 India 

A well adapted lowland rainfed variety of rice called Janki was treated ,vith 0.4況EMS

rabi 1979-80. In M1 generation 28 mature plants were obtained from a total of 1000 treated seeds. 
In M2 generation very high spikelet sterility was observed and 1212 plants were harvested in bulk. 
In M} &此 thepopulation was promoted by bulk method except that the plants looking like Janki 
were rejected. In the M, population, observations were recorded on 3120 
genetic variability was observed with unusual combination of the mulant characters (Table 1). 

Table 1. Hybrid-mutants of Janki with red and white rice in various plant 
height classes in M4 generation 

No. with 
Plant height class 

(cm) Red kernel White kernel 

1. up to 90 75 10 
2. 91-106 155 14 
3. 107-122 456 26 
4. 12:-l-138 439 22 
J' . 139-154 87 c) r 

Total No. of plants 1212 77 

In this method of breeding, it was expected that the sterility in M, would promote high rate of 
outcrossing. Mutants and the normal plants were expected to cross pollinate each other. This 
situation has led to the recovery of very high number of hybrid-mutants. It may be noted that 
Janki is a released and adopted variety for a water regime of about 1 metre depth in the state of 
Bihar in India. It has also done exceedingly well in several Eastern States of India and countries 
like Vietnam. The variety has excellent submergence tolerance, kneeing ability and resistance to 
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. chromosomes of rice ,vas 
. was further used by Sen (1963), Wu 

with some modifications. These workers found that rice pachytene chrome応om応

stained by 1 % aceto-carmine after the plain acetic alcohol fixation. and some of rhem added a tra心
of ferric chloride to there fixatives (Shastry et al. 1960; Das and Shastry 196:1; Misra and 

1967; Ranganadhacharyulu and Yesoda Rai 1974; Khan 1975; Reddi and Rectdi 1977; Dolores et al. 

Sato et alさ 1980).This treatment gave a deeper staining than the m夕eof fixatives without 
iron (Yao et al. 1958: Bouharmont 1962; katayama 1966). In many cases, fixed materials ,,vere soon 

moved to 70叩 alcohol.but Khan (197.Si kept his materials in the fixativeゞ ithir叩 fortwo months 
or even longer and obtained f,I 。

chromosom塁

Another difficulty has been insufficiem spreading of the pachytene chromosomes. Good 
seemed to depend on the choice of an appropriate stage of cell division and sufficient 

of the cell. Pollen mother cells fixed in a fixative with iron do not swell well upon heating. 

Wu 0967) developed a double mordant technique, by ,vhich these difficulties were 

circumvented. In this technique, a trace of ferric hydroxide is added to 1 % aceto・carmine and to the 

fixative to which a trace of ferric chloride is also added. Not only chromosomes but cytoplasm also 

are overstained, especially when the slide is gently heated, and the residual stain can be removed 
adding several drops of 45% acetic acid to one side of cover slip and blotting the excess fluid 

from the other side. Swelling of the cell and differential staining of ,hromm,omes are then carried 

out simultaneously by heating the slide again evenly and gently up to a point just before 

No intended pressure needs to be applied directly to the cover slip except turning the slide 

down over a piece of blotting paper as soon as the heating is 

The pachytene chromosomes prepared in this way are well spread and reasonably 
differentiated (Chen et al. 1982)さ Amongthose who had studied rice pachytene chromosomes, 

Ranganadhacharyulu et al. (1974) was the only ones・who used 45% acetic acid to remove excess 

stainさ

by Kurata et al. (1981) is quite different from the ones mentioned 

anthers of proper size are treated with 75 mM KC1 or 0.5 mJ'vl uridine 

and macerated in a mixture of pectinase and cellulase. After being rinsed with distilled water, the 

anthers are smashed in a drop of fixative (3 parts methanol+ 1 part acetic acid), flame-dried and 

Giemsa stained. Their micrographs have shown well differentiated configurations of chromosomes 

with prominence of centromeres. This technique may also be highly recommended for analvsis of 
rice pachytene chromosomes. 

References 

Bouharrnont, J., 1962. Observations on somatic and meiotic chromosomes of Oryza 

Cytologia 27: 258-275. 

Chen, J.T., H.C. Lai, Y.H. Hwang, M.C. Chung and H.K. Wu, 1982. Identification of rice 

reciprocal trans!ocation and the location of lazy gene. Bot. Bull Acad. Sinica 23: 7J-87. 
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This communication : ヽummarizesour results on genetic analysis of rice . 

叫 herculture (しhenじtal. 1982. 198:1). Fom traits each controlled by a recessvie gene. 

endosperm (wx), narrow leaf (!tall, ligulelessness (位）， andlong glumeぼ）， wereselected as markt>rも

for the analysis. Previous studies showed that nal and lg were in linkage group II and their 

応 tancewas approximately 19 map units (Yen et al. 1968): wx is in linkage group I and gin linkage 

group IV (Takahashi 1964). The anthers of hybrids heterozygous for two unlink叫 (wxand lg; lg 

and g) and linked (nal and lg) genes、xerecultured according to the method described by Chen 

1978). Chromosome numbers of the plants obtained from anther culture were de応rmined

and the haploid and diploid plants were subjected to 

diploids but one were homozygous for both loci. The 

origin, where the haploid chromosome complement 

during in vitro development. The 

for the waxy locus. Indirect evidence 

were 
, 

01 rmcrospores was doubled 

for反 butwas 
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ratio of the four genotypic classes . ... . 
for haploids and diploids yielded a recombination value of 9.3土 1.47percent 
This value ¥¥'aS quite close to that estimated from the F2 data 

it differed from a 19況 valuereparted by Yen et al、(、1968).

These results indicate that meiotic events, such as 

recombination of linked genes, occurring in the donor plants can all bt: detected in rhe 

deriv国 progeny.The significance of this work would be that it 
utilizatin of another culture for rice 

derivatiYes of higher plants for gene 

this new meth凶 ofgene 
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40. Flavonoids as biochemical markers in the genus 01yza 

Ch. BOYET1, M. JAY'and G. SECOND'1) Laboratoire de Phytochimie, U.E.R. Claude 

Bernard Lyon I、43Boulevard du II Novembre 1918, 69622 Villeurbanne-cedex. and 2l 

des Populations et des Peuplements, C.N.R.S. BP 5051, 34033 Montpel!ier cedex, France 

Our aim is to describe a new biochemical and molecular approach for 

in 0乃za.Flavonoid compounds are particulaly convenient for this purpose as 

distributed among plants and are chemically stable. They show a structural 

differences in oxygenation. methylation and glycosylation processes. Most of the 

studied are those analyzed earlier for enzymatic diversity (Second 1982, 198:3). 

The leaf material to be sampled is immersed in an alcoholic mixture and after a fast 

purification step. the extract is analysed by two dimensional thin layer 
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41. Callus induction and 

Koh-ichi MORI Plant 

060 

from different 

Institute, of Agriculture. Hokkaido 

The problems involved in the successful use of the 

stable isolation of 
culture method in nee 

and selection of fused cells, remain 

who obtained 

unsuccessful. 

to induce callus formation from seeds of 40 strains belonging to 9 

and tヽudiedthe proliferation of the calli, The seeds were surface-sterilized bv immersion in 10% 
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BP 635, Bouake, Ivory Coast 

of 
Research Station 
Sakah, Kafr,el Sheih, E1,rypt 

Australia 

Ltwin Laurie 

Bangladesh 

Miah, Nur, Mo加 rべmad

Zaman. S. M. H. 

Belgium 

Louvain.・la互：uve 

Bulgaria 

Milev, Velv 
Mali Bodgan, 爪い）い

Bi、rnUl
Fぶ,'lH'O.Pedro 

Canada・IRRI Hnrゃia

P.O. Box 13応 lfango叩

K¥・aw. U Olm 
Rice Divis飼 L

Yezin, Pyinm:rna 

Cuba 

〇叫lan・Perez,Pedro 
Direction Generni de Arroz, LNRA. 
La Havana 

Veitia. Gustavo 
National Rice 
Direction 
La Havana 

Prance 

BP 5035, :34032 Montpellier; Cedex 

Marie, R 
Station d'Amelioration des Planteヽ
9 Place Viaia 31060, Montpellier: Cecte'( 

BP 5051, :wrn Mont pe!hi, 「

Greem 

Director 
Inst itut des Cereale~ 
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India 

712102 
Station, 

Thekkeka贔

P,O, Alie国）ピ',Kerala 

Rice Agricultural 1年心;,てい、lnsいtute
Mithapur, Patna. Bihm, 800001 

□l麟 han,V. S. 
Vivekananda 
Almora U.P. 

Kaul, M. L H. 

i¥grnこ

じducationCWRDM 
P.O. Kmmamangalam. Calicut Kerala, 
673511 

K.K. 
じentrallミiceResearch Institute 
Cuttack, Oriヽsa,753006 

Kurukぃhtra
Haryana 

:Vfadhusudana Rao, G, 
Rice Research Stat10n 
Maruteru, Andhra Pradesh 534122 

Mahadevan, A 
Center of Adぃ Studiesin Botanv, Madras 

, Madras, Tamil Nadu, り(J()()():1

D. M. 
Breeding, N.D. Agricuitural University 

FaifabadじP.224fJ01 

Mishra, D. P. 
Rajendra Agricultural University, Argr1c. 
Research Institute 

Patna, Bihar, 800001 

Misra, R. N. 
Central Rice Research Institute 
Cuttack, Orissa, 753006 

Field and E,: 戸dmentField Fadlit,es 
Bhabha Atomic Research Centre 
Bombav, 400085 

Genetics. Calicut Universny 
Calicut, Kerala, 673511 

Osmarm, 

,¥「 R.
of Botany、AndhraUniversity 

Andhra Pradesh 

Sahai. V. N. 
Rajendra Agriculturalじ 叫 戸ity,Agric. 
Research In叫 tute,
Mithapur. Patna, Bihar. 8000(月

Seetharaman, 
AICRIP, 
Hyderabad, 

D. 

Sharma, N. P. 
Genetics Dh-ision, Central .Rice Research 
Institute. Cuttack-6. Orissa, 75:3006 

Sharma. S. D. 
Genetic Re叩 urceDivision, Central Rice 
Research Institute 
Cuttack Ori、、sa,753006 

Shrivast,l¥'a, M. N. 
Zonal 
Raipur 

Univers1t} 

R心 earchStatwn 
Kapurthala. Punjab 

Singh, M. P、

Birsa 
Kanke, 
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Station, f:18.nバ,・ara

1試 onesia

D名nakusmnah,
Pusa; Paneletiyan 

Kabang, Suka汀喜ndi,West Jaぃ

Bogor 

Italy 

Russo, 
Ins ti tutて): ヽperimenta!e
Cultura. Sezione 
Risicoltura. 

.,. . 
10,nmon 
Fae. :¥gr" 
Chikusa・kし1.

R圧search

Cereai! 
per la 

相 Iii•.j、;\牧
. Exp Station 

Hokk;ildo. り乃-02

Akemine. Hideo 叫11脊 りし大
Akemine Lab. Bio. Resources 
Shinjuku 5-8-2-407, Shinjuku-ku, ・1、okyo,160 

Amano, Etsuo パ野 ，I見
Institute of Radiation 
Omiya-rnac鼠 Naka-gun

Ezuka, Akinori ff. 壕
Nat. Chugoku Agr. Exp. Station 
Nishifukatsu-machi. Fukuyama, Hiroshima・ 
ken. 721 

Fujii, Keishi 峠甘惚史
National Institute of Agrobiological Resources 
Yatabe, Tsukuba, Ibaraki-ken, 305 

Taro •fぶ廿
National Institute of Genetics 
Yata, Misima, Shizuoka-ken, ,:fl 1 

F .. ・ ・Hirosh・11 1'・叩 maKI, l)恥心 ム
Hokuriku NaしAgr.Exp. Station 
Inada. Jyoetsu. Niigata・ken、943-01

翠 9□: imamura. 
Hokkaido Nat. 
田tsujigaoka,Sapporo, 

Risei l、9
Foundation Seed and StcKk Farm 

り'.l2-lNarutou, Sanbu-gun, Chiba・ken, 289-l:3 

Kazum1 
Agr .. 

し打ikusa-ku,

日ayashi,Ken-Jchi i八 り上―--
Agriculture Researchしenter
Tsukuba, !baraki-ken, 
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Hmata, Kokichi U叫

Tohoku Cniversity 
980 

Hirai, 恥 ushi'l-月

Hirose, Shohei Iぷ，凩月 /1;'『・
Coll. Agr. & Vet. Med., Nihonじnivers1ty
Shimoしnna,Setagaya-ku, Tokyo, 154 

Homan, Masaharu'i;』,r ; 冒

Stn. 

Honma, Akira 1<間附
Hokkaido Cent. Agr. Exp. Station 
Iwamizawa, Hokkaido, 069-03 

Horisue, Noboru l: 屈末 詞
National Agric. Research Center 
Konosu, Konosu-shi, Saitama, 365 

Hoshino, Takafumi 
Nat, Chugoku 
Nishifuk::itsu, 

Research Center 
Ibaraki・ken. 305 

I; 州f- t1l u.』

of Agriculture 
Akita-ken, 

891-01 

文
Stn. 
Hiroshima-ken, 721 



へ..ふ.

1::¥11, 1 ak了虞rnuro
3臼

4
 

r
 

ご
〇

詞 Hi『けshi fれ
{川1fficeof AgricultunJ Resourc恥

：ふ15Ur叫 sato,Su~,inami,'! 嘉；vo, 16G 

且o,Tc叫110

H且蒻ゞ hi!Jessho-cho,Anjo叫1i,Aichi-k臼1,44い

Ii,,, 
'i I Li 

institute of GenetK•' 
Yata, ]¥,fo:irna, Sh以uoka・ken,4! l 

Mih国o 1.H:(Cり'.
Yamagata Uni1℃lもity

997 

l"'I' .・; Lil 

Hiroshi 1Jli :Iぶ、；i; 
/¥gr令&Forest., Univ. Tsukuba 

SakunMmira, Niihari-gun, lharaki-ken, 30:'i 

Ichmi 
National 
Y叫abe,

89101 

Tokyo, 100 

-d,: 
I 

Ft、1kuoka,81 l 

峠

Research Center 
Ibaraki-ken, 30>

Kiharn ii因 Rio!.Resと,Y,11ぃharn.a

パ□aka, 
Hokushin ¥『虹1:;ion:'り3

>S Johokuchい， fsuchiurn.lbarnki・ken. 300 

Kin心 hけa,'1、OS加り

Hokぷ1idoUm詑 rs1t,
060•· 

.. /i,(llj. 
！ゞしふ；

Educatwn 
Aich,k□ 1,448 

心久
Resourcb 

Koga. Y因1shiaki ,1, 
伽 kurikuNat、Agr.Exp. Statwn 
Joetsu. Niigata・ken, 305 

Kon, Tadao 11 
Iharaki Agr 
Mito、Ibarnk1,

i,;_rmdo, Norio 1〗， iぶ且it'j
Inst. Breed. Res曇， Tokyo

Setagaya-lm, 

812 

Statio門

Resources 

of 
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パineo l信itf j I 

& Ag『:c. Res. & 
八ssociation
Seifun・kaikan 6F, 1りも KabutいN由onb乳sh1
Chuo心ku,Tokyo, 1 CH 

Kunihirn, Yasu叫1i Iドり、 ,'I'~ 史
Kam如 wa/¥gr. Exp. Statim1 

Mats叫 Takane
:35」7Izumi 2, 

Hokkaido, 078・02 

Kas砂
Tokyo 194 

，対飲U』
MAFF 

Chiyoda-ku、TokyoH.lO 

且iJli¥
Hokkaidoじnivers切

丸且i ;,'! 且）j 

丁okyo,

Mikami. Tetsuo 二 f・.
Fae. Agr., 恥 kkaidoUniversitv 

060 

j/1 

4、'. I・ 、9、
¥ .1''  , onmurn, Katsum1 ~ 木↑｛ 兄人

Donan AhJJ・. Exp, Station 
Oono-cho, Kameda,gun. Hokkaido, 041・12 

Morishima, Hiroko tt/心？各！＇～
National Institute of Genetics 
Yata. Misima, Shizuoka・ken. 4ll 

!, いIi
L , mvers1tv 

Murakami, Kan-Ichi H I. 此
Kohokudai'.3-14-13, Abiko, Ibaraki-ken, 270-l l 

Resources 

.Masatぐ
：寸1in-Kotonil l妙ふふ Ki園 ku,

>!agat e , Ya c, UO ーに
じ□霞戸;ityof Tokyぃ,Farm 
M1dori-machi, Tanashi-shi, Tokyo, 188 

001 

Resource心

Nakane, Akira 
National 
Yatabe 

ri1HI'rl 
I I↓ < nふ

Research Center 
Ibaraki・ken, 305 

喜 kano.Hirovuki 抑
Hokkaido Cent. 
Naganuma-cho、

'!II 
Jnst. Agr. & Forest., Tsukuba 
Sakura・mura. Niihari-gun, Ibaraki-ken, 

瓢 zeki,Hiroo 
Ishikawa 
Nonoichi, 

Niizeki, Minnru 
Fae Agr. さ HirosakiUniversity 

Aomori-ken. 03G 

Nishikav:a. Kozo i几i,'![ ;;'; ・'. 
Fae. Agr., Gifuじniversity
Gifu, 501-11 

Nishimura. Shigeo Vし1H 繁．人
Institute of Radiation Breeding, NIAR 
Omiya-machi. Naka-gun, Jbaraki-ken, :n9-22 

Nishimura. Yonehachi i凡H寸. 1ミ;',
5829-661 Kami-Shinsakae-cho, Niigata, %0-21 

ゞwa.Masani l'l翡 lj羞
Fae. Agr., University of 
Yayoi, 

Noguchi. Yakichi 野 Il~ り、古
Sanno 2-11-3, Ota-ku、Tokyo,l4~'l 

Ogawa. Akifumi 1JヽILL 示］文
Tropicai Agriculture Research Center 
Yatabe, Tsukuba. Ibaraki-ken. 305 



, & Forest., Tsukubaじn八 ersny
Ibaraki-ken, ~'105 

Oka, Hikoふ・hi 崎1
National. Institute of Genetics 
Yata, Misima, Shizuok圧ken,41 l 

0いmo,Kazutoshi 
Hokuriku NaL 
lnada, J(x;tsu, 

りnozawa.Yosh1ro 
Fae. Agr., Ibaraki 
Ami-machi. 300-0:l 

Resources 

Osanai, Shun-Ichi 長内悛一
Kamikawa Agr. Exp. Station 
Asahikawa, Hokkaido, 078-02 

；ペ
Saio. Kenjiro 1・Fl 

Fae. Agr., Univesity of 
Yayoi, Bunkyo-ku, Tokyo, 

Ken-lchi 
Hirosaki 
Aomori-ken, 036 

斉藤 滋
Agr. Exp. Stn. 

Akita, 014-01 

Sakaguchi, Susumu 坂口
Tropical Agricultural Research Center 
Yatabe, Tsukuba, Ibaraki-ken. 305 

Sakai, Kan-Ichi 泊井
Hatoyama Newtown 23-2, Hatoyama, Hiki-
gun, Saitama-ken, 

Samoto, Shiro 佐卜四郎
Fae. Agr., Saga University 
Honjyo-mach1. Saga, 840 

Sano, Yoshio 佐野乃
National Institute of Genetics 
Yata, Misima, Shizuoka-ken, 41l 

Sasahara, Takeo 帆1恥建）＜
Fae. Agr., Yamagata University 
Tsuruoka, Yamagata-ken, 997 

Sasaki. Mutsuo f左々木恥男
Fae. Agr., Tottori University 
Koyama-cho, Tottori, 680 

ふ11.ake,Tetsuo 
Hokkaido N;iし Agr.
Hitsujigaoka. Sapporo, 

Sato, Yoichiro 
National Jnstitute of Gen叫い
Yata, Misima, Shizuoka-ken, 411 

Sawada, Shohei ;ii I fl :l I 
Obihiro Zootechnical University 
Obihiro. Hokkaido, 080 

F ・・
,,,, 

心 um1h1ko [¥j t l 1... 

90:Hn 

Biol., Japan Women's University 
bunkyo-ku、Tokyo,112 

Shaku, Ich1ro f只
Aichi Agr. Res. Center 

Aichi-gun, Aichi-ken 480-11 

Shibata, Kazuhiro "1~ 田 利111.り
Hokkaido Nat. Agr. Exp. Station 
Hitsujigaoka, Sapporo, 061-01 

Toshio 
,.,,., 
.c:、cl

Inst. Agrobiol. Resources 
Yatabe, Tsukuba, Ibaraki-ken 305 

Yoshiya (.; 1、義也
Hokkaido Univeisty 

060 

Shimura, Eiji 1い.c;.'J'iz 
Nat. Agr. Res. Center 
Yatabe, Tsukuba, Ibaraki-ken, 305 

Shinbashi, Noboru 泊汁届 仕
Kamikawa Agr. Exp. Station 
Nagayama. Asahigawa. Hokkaido, 078-02 

Choyu .i」ii、成ぃ1]
Agr., University of Ryukyus 

Nishi-machi, Nakazu-gun, Okinawa, 903-01 



INらはo 'il 
Ibaraki Agr. Exp, Statwn 
Minam巾aい1,Kamikuniぶ心（） ［しaraki・ker
42 

Research, 

Katahira, 980 

Man的emon , 臼f,'.:;)Jい
Hokkaido Musashi Women's 
Kita-22 Nishi-13, Sapporo, 

-/, 

l akahashi. Norindo r', 叶詞成＼

1S8 

Inst. of Agric. Research, Tohoku University 
Katahira, Sendai, 980 

.「akahas凰 Ryuhei 砂
Ohara Inst. for Agriじ Biol.

710 

Takahashi, Y asuo 王i;lい保
Ooma 553・23, Konos11"Shi. 

Takeda, Kazuyoshi i¥)廿
Ohara Inst. for Agr. Biol., 

710 

Takita, Tadashi 心i『l .if: 
Agriculture Research Center 
Tsukuba, Ibaraki-ken,'.l05 

Tamaru, Norihiko H1九閲彦

365 

Kushirn Coll., Hokkaido Univ. Education 
Kushiro-shi, Hokkaido, 085 

Tanaka, Sachihiko Ell rt 1'?' 
Institute of Radiation Breeding, NIAR 
Omiya-machi, Naka-gun, Ibaraki-kcn. 319-22 

斤収督悛
University 
606 

本，炒

100 

Toriyama, Kunio 旦Iii
National Institute of Agrobiological Resources 
Yatabe, Tsukuba, Ibaraki•ken, 305 

Exp. Suuぷ：m

u」Hl

Wakasa, Kyo 『，叫覧
National Institute of 
Yatabe, Tsukuba, 

Washio Osamu 
National 
Konosu, 

¥Vatanabe, Shinji ii'£ こ逆・.

Resources 

National Institute of Agrobiological Resources 
Yatabe亨 Tsukuba,Ibaraki-ken. 305 

Stn 
Hiroshima-ken, 721 

Yoshio ;i文旦奸郎
24-8, Izumi-shi, Miyagi-ken, 981-31 

Yabuno, T omosaburo 薮附友二郎
Fae. Agr., University of Osaka Prefecture 
Mozume-maehi, Sakai shi, Osaka, 591 

Yamada, Toshiak1 
National 
Yata応，

lilLll fljll(j 
Res. Center 

Ibaraki-ken,'.305 

i iJ Ill 
University 
606 

Yamaguchi, Hikoyuki iii 11 
Atom. Enger切 Res.Center, University of 
Tokyo 
Yayoi, Bunkyo-ku, Tokyo, 113 

Hiroshi Iii ill 
• 出9兄

Fae. Agr., Saga University 
Honjyo-mach1, Saga如ken,840 
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Masao 1贔尼
A瞑 Res.Center 

Konosu, Saitama・ken, 365 

Y叩 ezawaKatsuei·~、こ ii
Fae. Agr。,Kvoto Univers甘y

6仇｝

Korea 

Chung, G. S. 
Yeongnam Crop Exp. Srntion 
1085 Naeidong, Milyang, 60り

Cho. S. Y. 
Suweon Crop Exp. Station 
’‘ さuweon,l 

Choi, H. し
Suweon 
Suweon, 

H. 0. 

Exp. Statwn 

Crop Exp. Stat;on 
Suweon, 170 

Resources 

510 

Sration 
Jeonlabugdo. 5]() 

Heu, J¥t lL 
Dept, of 
" :::,uweon, 

of Agr詑

Kim. H. Y 

Lee.、s.K. 

., 

ヽヽU ¥V e o n 
Suweon, l 

Park. 

日`じon
Je叩 labugdo,510 

of Agric. 

Station 
Jeonlabugdo, 510 

ヘ a

:,tatmn 

Exp, Station 

Station 

Korea Correspondence 

Seoul, 110 

510 

of Agrnnomy, College of A記c.. 
Kangwon National University 
Chuncheon, 200 

Son、Y.H. 1Mrs.) 
Suweon Crop Exp. Station 
Suweon. 

Suh, H. S. 
Dept. of 
Science, 
.、
Gyeongsan, 

& Animal 



Penang 
College 

すヽt勺，・ovmce

Malays;a 
of 
Prこ,vmce

... ・

さc1cnccs

Pakisi£m 

Division, r-
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Research 
Dokri, Sindh 

Repiヽblicr,t'China 

Rao,'訂'ふ F":
Zhu, 

Long『m
unan Academy of Agr旦ultur』

Changヽha,Hunan Prm:mcじ

Agricultural Sciem鯰

of Agricultural 
Beiiinl' 

•’心9

Cai, 
Fudan Unhむ ヽity

Lin. 

Lu, 

of Agricultural Sciences 

Sho-Km 
National Rice Research Institute 

Hangzhou, Zhejiang Province 

Ru。Hao-Ran
Fujian 
Fuzhou, 

Zu, De-Mm 
Chinese A倶 demy of 

' :,nences 

Institute, Chinese 
Sciences 
Beijing 

Shen. Zong-Tan 
Zhejiang 
Hangzhou, 

of 

M. 
Plant 
International 
0. Box 93:l, Manila 

Institute (IRl<!) 

Rice 
P.O. Box 9:33, Manila 

, IRRI 

College 

Hi!leR1sLambers, Derk 
Plant Breeding Dept、,IRRI 
P.O. Box 93:l, 

S. 
IRRI 

IRRI 

IRRI 

University 
Pro¥ince 

Swaminathan, M. S. 
IRR! 
P.O. Box 933, Manila 



>RRI

『ortugal

E 
Agrononいで｀~ふ·ional,

Rumania 

C。

lnstitutu de Cercetari Pcntru Cerea1e Si 
Plante Technice 
Judilfov, Fudulea 

SひufhAmerica 

Aereo町 1ふしali,Columbia 

Departmento de! Arroz 
AぃLevante28 Sueca, 

Sri Lanka 

Senadhira, D, 
Central R訳 BreedingStalmn 
Battalagoda, Ibbagamuwa 

Taiwan (ROC'.) 

Distr、

Chi,an, Hwalien, 
Improvement Station 

Roosevelt 

I・Hsin 

of Botany, National Taiwan 

Taipei, 107 

Agrir. Exp. Station, TARI 
600 

Hsieh, 
faichung Distr. Agric. Improvc>ment Station 
Tatsun, Chenghua, 515 

Research Institute 
Wufeng, Taichung, 431 

. Taiwan Agric. 

Lin, Fu-Hsiung 

Pai, 

Kaohsiung Distr. Agric. Improvement Station 
900 

Department of Agronomy, National Chung 
Hsing University 
Taichung, 400 

KuひHa,
, National 

Wu, 

¥Vu, 
, Academia Smica 

Improvement出atmn

1nailtn瓜

10900 

Somrith, Borib()(、)n 
Prae Rice Research 
Prae 

Praphas 
Research Institute 

10900 

い心り

ぃurlm・,N. 

US~4 

Kavak!idere Bade Sokak 
Ankara 

Route 7, Box 999, Beaumont, TX 77706 

P.O. Box 287. Stuttgart, AR 72160 

HU. C.H. 
N. F. Da¥'is Drier & EleYator. lnc. 

CA 93622 

Jodon, Nelson 
USDA and Louisiana Rice Research Board, 
Louisiana State University, Rice Expt. 
Station 

, LA 70527-1429 

McKenzie, K. S. 
Rice Research Station, Lomsiana State 

P.O. Box LA 70526 

Nowick, Elaine, l'vL 
Rice Research Station, Louisiana State 

Pfr Box Crowley, LA 70ら26



USSR 

Rice Research Institute 
P.O. Box :353204, Belozernoe, Krasnodar 

Kucherenko, 
All-Union Rice Research Institute 
P.O. Box 353204, Krasnodar 

A. p 
Rice Research Institute 

P.O. Box 353204, Krasnodar 

Vietnam 

Vu Tuyen 
Crop Research Institute 

Hanoi 

Sciences 
Van Aien, Hanoi 

Van Ro 
Crops Research Institute 

TL C4 Loe, Hai Hung Pro¥・ince 

Thanh, Le 
Faculty of Biology, じniversityof Hanoi 
Hanoi 

Van Luat, Nguyen 
Mekong Delta Agricultural Technical Center 
0 Mon Hau Giang 






