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Genetical and physiological studies on the dwarf
mutants of rice plants (Oryza safiva 1.)

1. Genic identification of dwarf mutants and their
morphological characteristics

Eiji Tsuzuki, Tsutsumi Nagamatsu
and Takeshi Omura
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Table 1. Materials used in this experiment (Dwarf type).
No. Name of variety Year collected Source
Ho 532 Daikoku 1923 Kinai
Ho 533 Daikoku 1936 Kyoto Univ.
Ho 534 Chokei-daikoku 1924 Kinai
Ho 535 Murasaki-daikoku 1923 Kinai
Ho 536 Watari bune gawari 1934 Konosu
Ho 537 Sotoku gawari No. 1 1924 Kinai
Ho 538 Sétoku gawari No, 9 1924 Kinai
Ho 539 Waisei-shirasasa 1923 Saga
Ho 540 Tankan-shirasasa 1923 Saga
Ho 541 Waisei-shinriki 1923 Saga
Ho 543 Omachi-gawari 1924 Kinai
Ho 544 Shinriki-hen-ishukuto 1923 Saga
Ho 545 Ehime-shinriki 1924 Kinai
Ho 548 Kikei-ban-shinriki 1929 Kyushu Univ.
Ho 549 Kairyo-aikoku-hen-daikoku 1928 —
Ho 550 Miyazaki No, 3 1923 —_—
Ho 552 Murasaki~waikei-mochi 1923 Kinai
Ho 556 Shinkane-aikoku 1935 Konosu
Ho 557 Sekitori~-gawari 1935 Koénosu
Ho 563 Kotake-tamanishiki 1935 Koénosu
Ho 568 Bunketsu-{o 1930 —
Note; Kinai: Kinai dranch of the National Agricultural Experiment Sta.

Konosu: Kénosu Farm of the National Agricultural Experiment Sta,
Saga: Saga prefectural Agricultural Experiment Sta.

Table 2, Materials used in this experiment

(Linkage tester plants).

S}:\Tr(z)l.m Combined characters
Fl 3|lg, C, A, d (Omachi-gawari)
Fl 7\ 1lg, lax, C, A

Fl 10| Ig, dp

Fl 17 | lg, C, A, d (Choékei-daikoku)
Fl 18| lg, d (Sekitori-gawari)

F1 19| di, d (Chékei-daikoku)

Fl1 20| dl, d (Murasaki-daikoku)

Fl1 22| dl, d (Omachi-Gawari)

Fl 26| di, C, A, d (Kotake-tamanishiki)
FI  38|dl, wi, C, A

Fl 44 | ch, d (Waisei-shirasasa)

Fl1 45| ch, d (Tankan-shirasasa)

Fl 51 ch, d (Bunketsu-to)

F1 58| ch, d, dp

Fl 621 ch, tri, s

Fi 86 | wx, d (Bunketsu-to)

FlL 90| sl g

Fl 93| d (Chékei-daikoku)

Fl 125) g, ws, sp

Fl 136 lg, di, la, d (Chékei-daikoku)
F1 146 | g, lg, d (Tankan-shirasasa)
F1 151 lg, d (Shiukin-aikoku)

F; 3| la, d (Kotake-tamanishiki)
Fs 7| Ph, Pr, d (Shinkin-aikoku)
F; 17| g, pd, d (Tankan-shirasasa)
Ho 597 | ws(Shima ine)

Ho 613 z (Iyo-gasuri No. 1)

Ho 618| lax Pl (Murasaki-soryu-to)
Ho 644 s (Funen-to)

Ho 672 dp, (Mikazuki-to)

Ho 683 | eg (Katachoei-to)

Ho 688/ 7ri (Sankaku-ine)

Ho 696 pd, (Katsumon-byo)

Ho 698| pd; (Ban-Shiunriki-byogata)
Ho 702| bc (Kamairazu-ine)

Ho 706 lg (Murasaki-muyozetsu-to)
Ho 788| dl (Tareba-ine)
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Table 3. Comparison of culm and ear length of parents and F,; plants,
Year Cross combination F; pheno-type | Cnlm length Ear length
. (cm)
1963 Ho 535 (41.1)X Ho 545 (38.7) dwarf 28.0 8.0
1960 Ho 536 (47.0)X Ho 541 (37.8) dwarf 36.4 13.0
1960 Ho 536 (47.0)X Ho 537 (44.4) dwarf 48.5 17.6
1960 Ho 537 (44.4)X Ho 541 (37.8) dwarf 48.0 14.5
1960 Ho 545 (38.7)X Ho 537 (44.4) dwarf 55.5 14.2
1963 Ho 552 (46.0)X Ho 545 (38.7) dwarf 46.0 14.0
1963 Ho 552 (46.0)X Ho 533 (49.3) dwarf 56.0 17.0
1963 Ho 552 (46.0)X Ho 538 (45.6) dwarf 49.0 13.0
1963 F1 18 (43.8)X Ho 538 (45.6) dwarf 55.0 14.5
1963 F1 18 (43.8)X Ho 533 (49.3) dwarf 63.0 15.5
1963 F1 19 (66.6)X Ho 549 (70.4) dwarf 80.0 15.0
1963 F1 20 (49.3)X Ho 536 (47.0) dwarf 50.0 14.5
1963 F1 20 (49.3)X Ho 552 (46.0) dwarf 47.0 12.0
1963 F1 44 (49.1)X Ho 544 (61.3) dwarf 65.0 14.5
1963 F1 44 (49.1)X Ho 543 (61.5) dwarf 67.0 12.4
1963 F1 45 (37.9)X Ho 550 (49.7) dwarf 42.0 1.0
1963 Ho 537 (44.4)X Ho 556 (57.8) normal 96.0 26.0
1963 F1 19 (66.6)X Ho 563 (52.4) normal 98.0 21.0
1963 F1 19 (66.6)X Ho 552 (46.0) normal 103.0 23.0
1963 F1 19 (66.6)X Ho 568 (49.3) normal 95.0 21.0
1963 F1 19 (6o.6)X Ho 544 (61.3) normal 111.0 21.0
1963 F1 20 (49.3)X Ho 568 (49.3) normal 95.0 21.0
1963 F1 20 (49.3)X Ho 534 (66.6) normal 96.0 19.0
1963 F1 20 (49.3)X Ho 556 (57.8) normal 115.0 24.0
1963 Fi 26 (562.4)X Ho 568 (49.3) normal 116.0 25. 4
1963 F1 26 (62.4)X Ho 533 (49.3) normal 108.0 24.0
1963 F1 26 (52.4)X Ho 543 (61.5) normal 97.0 18.0
1963 F1 26 (52.4)X Ho 540 (37.9) normal 98.0 22.0
1963 F1 44 (49.1)X Ho 545 (38.7) normal 91.0 19.0
1963 F1 44 (49.1)X Ho 563 (52.4) normal 98.0 22.0
1963 F1 45 (87.9)X Ho 539 (49.1) normal 92.0 19.0
1963 F1 45 (37.9)X Ho 534 (66.6) normal 82.0 19.0
1964 F1 86 (49.3)X Ho 548 (36.4) normal — —*

( ) represents culm length of parents.
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IV EREEE: ThoSHMOERESEL L, BEE
HEEEEL, BOMELARELTH 5.

RS EEOT, EiE No. 3

V NCEHE: BE, BESEOENZHENE
RN,

PE MR ; A ES

VI SHIORE: ST D0RENEL L, FEBO

*; Not measured,

S5~6ECKURE, B, EZRIMITH 3.
FERE; 20O

VII mRBAE: ABNICE 20 oRE 2ERE
UEHARL T 3.

B AR BT

VIII E£FEE: BEREBENEVD, KEIH
<, NSLCERDBHETH .

FERE; E2ER

2 F, opB

EHREEEREOBEIC DT

Fi: ORFHE IO F, TODHAIEHTELE
ELl7. AELS, Fi 0FRBREEERY, 0
SRR B8 LRI EBTDHLNS.
HOTHAL O ThOBRER & H—0HEEETIC
LOTHEINTNB T AL 7.

3 EHLIURIOEX

BB LURALOEZIZFES RITR L. BRICDWT
HBE, FOOR, ERATSRLEL, 0.70mg %
AL, BHR185D 0.68mg % LD, FERE



122 ¥ E B OB EXE FE25
Table 4. Segregation mode on “ dwarf?”,
Year Cross combination F, pheno type F, segregation x? value
Daikoku type Normal Dwarf
1964 Ho 613 X Ho 533 Normal 413: 152 1. 0908
1964 F1 62 X Ho 533 Normal 138: 48 0. 0645
1963 Ho 696 X Ho 533 Normal 5621 203 0.9625
1113 403 2.1178-2.0263
Chokei-daikoku type
1965 Fl 136 X Fl 10 Normal 134: 48 0. 1832
1963 Fl 17 X Fl 7 Normal 579 218 2.3525
1960 Ho 788 X Ho 534 Normal 291: 92 0. 1595
1004 ; 358 2.6952-1. 1645
Waisei-shirasasa type
1965 Fl 3 X Ho 618 Normal 146: 57 1. 0263
1961 Ho 597 X Fl 22 Normal 432 150 0. 1856
1961 F1 51 X Fl 22 Normal 219: 69 0. 1667
797 276 1. 3786-1. 0338
Tankan-shirasasa type
1964 Fl 58 X Fl 140 Normal 297: 110 0.8919
1964 Fl 45 X Ho 672 Normal 277: 93 0.0036
1964 Ho 613 X Fl 140 Normal 270: 86 0. 1348
844 : 289 1. 0303-0. 1670
Kotake-tamanishiki type
1964 Ho 563 X Fl 93 Normal 90: 31 0.0248
1963 Ho 563 X Fl 93 Normal 240: 80 0. 0000
1963 Fl 90 X Fq 6 Normal 364: 120 0.0111
694 : 231 0. 0359-0. 0025
Bunketsu-to type
1964 F; 6 X Ho 568 Normal 320: 108 0.0124
1964 Ho 568 X Ho 668 Normal 142: 49 0. 0436
1963 Ho 568 X Fl 125 Normal 146: 37 2.2313
608: 194 2.2873-0. 3036
Shinkane-aikoku type
1965 Fl 151 X Fl 38 Normal 152: 42 1. 1615
1963 Fl 151 X Ho 672 Normal 141: 49 0.0632
1963 F; 17 X Ho 702 Normal 97: 31 0.0417
384: 128 1. 2664-0. 3751
Table 5. Weight of embryos and endosperms in dwarf irce plants (mg).
; Chokei- Waisei- Tankan- |Kotake- B Norin
Daikoku daikoku shirasasa | shirasasa |[tamanishiki Bunketsu-to No. 18
Embr 0.53-+0.08%** 0,544-0.08%** 0.6240.07 0.70+0.07 | 0.63-+0.07 | 0.70+0.05 [0.68+0.06
mbIyo (77.9 (79.4) (91.2) (102.9) (92.6) (102.9) (100.0)
End r 12.6-+1.2%¥%% [17.9+40.94%%* [12.5+0, 73%¥%16, 1+1. 1¥¥¥2], 4-+0, 99* |16, 0+ 0. 62*%*%20.041. 1
BAOSPEIm g3 ) (89.5) 62.5) |  (80.5) (107.0) (80.0) (100.0)
Mean value of 10 individuals,
*%%+ Significant at 0.1 g level,
* Significant at 5 % level,
BED NPk ThIRRL, REEES/NMEL 4 BWEORE

EXKRERCNIL2E, #7541 0.58, 0.54mg T,
BRI8BIcEL 3bd UMD, BHEAE,
SRS 0.62, 0.63mg THEDZIIFHEAERL 2.
HAOEXRZKERRY, NMEHISBELRS BR
18%5® 20.0mg % L@, WO, ERAOH B
ERENRTNI DT, B 18 B KTk
Dic. RE, BHEATRZEDLOUNEKRIBTO
60 %iT g Eighp o,

AN

wWECAEEMEAE I KICORL:. BERBREER
THTEKRICEL, Z0BROMBERSL LA DI,
REMZERBEEZSHEE,OAON.. SHEOWH
FEER, BOAkXXEFTHTERCHED, 20D
B, ERAEEAEL, RBR/MEpO. THHO
FATIIBK I8 B 2.5em THEOKKHL, T
OREIZ 2.9cm THDOk (LHTERE). —FH, KRB
OWERERZ DD UMK L3cem KFEFghDrk.
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Fig., 1. Growth curve of copleoptile in
dwarf rice plants,
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Table 6, Growth of seedling in dwarf rice plants,
. Chokei- Waisei- ‘Tankan- [Kotake- Norin
Daikoku daikoku | Shirasasa | Shirasasa |tamanishiki Bunketsu—to No. 18
2E§§“m 52E | % 0% geae| 480,455 55510 | 480,54 5.920.6 | 6.1£0.8
7 days - :
No. of
after | ijjers — - - - - - -
sowing | N0 of
lea'ves 3 2 3 3 3 3 3
Plant (m)10-2E o] 1535 12, 620, 865415 6201, 2#¥%13, 2.0 0. 7#¥¥(17. 31.0.7% |18 4:1.2
14 days| \T80G g -
after | 4iters - - - - - 0.7 -
sowing No. of
lea;res 4.8 4.0 4.1 5.0 4.9 4.0 4.0
ﬁi?;lﬁt(cm) 0L P98 a2l 400845522, 101, 2004020, 50.0. 74%%}24. 72 1. 1#+4(28. 2:41. 3
21 days ) :
after | No- Of 1.0 0.9 1.1 1.3 1.6 2.7 1.5
sowing No. of
lea.ves 6.4 6.0 6.1 6.7 6.8 6.0 6.0
Eé?;ﬁfcm) 1912 a5 P8, gesal23. 31, 0¥4425. 340, 944421, 650, 6%#¥25. 6.1, 1¥#%30.5:0.7
28 days : )
No. of
after | iners - - - - - - -
sowing| N0 of
lea;res 7.0 6.8 6.9 7.1 7.1 7.0 7.0

#x% » Significant at 0.1% level,

—; Not observed

w* . Significant at 1 95 level, *; Significant at 5 %5 level.
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Table 7, Morphological characteristics of culm in dwarf rice plants,
. Weight of Diameter
Plant height Culm length Bugleedr ee* c{gllm of culm

(em) & (2 (mm)
Daikoku 70.8 49.3 6.9 3.75 8.86
Choékei-daikoku 84.1 66.6 3.2 2.81 7.90
Waisei-shirasasa 73.2 49.0 2.6 2.21 6.07
Tankan-shirasasa 68.6 37.9 9.2 2.56 8.30
Kotake-tamanishiki 67.9 52.4 0.01 1. 42 5.77
Bunketsu-to 61.6 49.3 0.1 0.39 2.80
Norin No. 18 101. 3 87.3 7.7 3.15 7.00

#; Buried degree; Plant height—(Culm length-[-Ear length).
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Table 8. Morphological characterfstics of ear in dwarf rice plants,

Ear length No. of ear No. of grain No. of primary
Cem) per plant per panicle rachis
Daikoku 14.7 6.0 122.8 8.1
Chékei-daikoku 14.3 7.5 68.5 6.8
Waisei-shirasasa 11.6 7.3 77.5 8.1
Tankan-shirasasa 1.7 9.9 70.0 8.4
Kotake-tamanishiki 15. 1 5.1 38.2 7.0
Bunketsu-to 12.2 36.5 19.3 3.0
Norin No. 18 21,7 6.1 100.0 10.1
Table 9. Characteristics of grain in dwarf rice plants.
Length of Width of Thickness Length Weight of
grain grain of grain _Lengih 100 grains
Cnm) () (mon) Width €D
Daikoku 5.0 3.5 2.3 1. 42 1. 05
Chokei-daikoku 5.3 3.8 2.3 1.47 1.77
Waisei-shirasasa 5.3 3.2 2.3 1. 65 1.15
Tankan-shirasasa 5.6 3.5 2.5 1.42 1.85
Kotake-tamanishiki 7.4 3.5 2.5 2.11 2.24
Bunketsu-to 7.2 3.0 2.2 2.40 1.82
Norin No. 18 6.7 3.5 2.2 1.91 2.65
Table 10, Results measured of some some characters in dwarf rice plants.
Maximum lengthMaximum length| Degree of
of leaf blade | of leaf sheath llgg;reosf angle of Igg'hggdd.ays
(cm) (em) flag leaf ing
Daikoku 41.6+2.4 19.5+0.5 20.0+0.0 10.0+ 2.2 108.8+1. 4
Choékei-daikoku 45.34+3.0 25.1+1. 4 18.04+0.0 33.5+ 5.3 112.241.4
Waisei-shirasasa 49.0+3.0 27.6+0.7 19.24+1. 4 —% 115.5+0.8
Tankan-shirasasa 53.04+5.3 27.6+2.7 19.0+0.0 35.5+ 6.2 113.84+1.9
Kotake-tamanishiki 41,5-+2.6 22.6+0.7 17.0+0.0 53.5415.0 99.74+0.8
Bunketsu-to 40.2+2.4 18.5+0.3 16.0+0.0 3l.1+ 6.9 99.0+0.6
*; Not observed,
SO TR e, o BRI KER b ThE, DEEEEEETEEHRE A
fz. BEHIRENESE { 0 LKA, BEAER &
9 HOWHE HOBECOVTRELLERE  HEERI19ET, Chb3RER RKI8 S0 183
FEHTHEIRE L. HEBLIUCRECBOTIE Lo&pote. GO, NAEHI 6 LTETY
W 2R IZ S Shin s, HERBN TR POl MEHRER S EETERNA LN,
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Table 11, Comparison of each character in dwarf rice plants
with Norin No. 18 (%).

Plant Culm Ear No. of I\;g;l i?lf Diameter | Weight of

height length length ear per panicle of culm | 100 grains
Daikoku 48.9 54.0 68.2 70.5 109.0 110.0 68. 4
Chokei-daikoku 78.8 86.0 64.5 72. 4 66. 1 119.5 54.4
Waisei-shirasasa 66.8 68.3 59.3 87.8 110.5 102. 4 59.2
Tankan-shirasasa 69.8 39.5 57.0 117.3 69.6 87.8 70.4
Kotake-tamanishiki 68.9 71. 8 84.1 95.5 73.1 95.1 99.2
Bunketsu-to 56.5 57.3 63.5 597.4 20.8 46.3 81.3
Norin No. 18 122.8 88.3 21. 4 15.6 151. 3 0.41 2.75
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Summary

Various kind of spontaneous and artificial dwarf mutants have been found so far in culti-
vated rice plants (Oryza sativa L.) It is assumed that dwarfness is caused by the abnormal
differentiation and development of the organs by means of the dearrangement in the metabolic
processes,

As it was thought that dwarf mutants might be suitable for studying the gene action in
higher plant, the authors have engaged in the genetical and physiological studies on the dwarf
mutants of rice plants, The present paper deals with the results of the genic classification
and morphological investigation of each type. Twenty one varieties of dwarf mutant were
crossed each other and with linkage testers., From the results of the progeny test, it was con-
firmed that all of the dwarf mutants used in this experiment were simple recessive to normal
type, and these mutants were classified into following 8 types,

Type No. of varieties included
Daikoku 10
Choékei-daikoku
Waisei-shirasasa
Tankan-Shirasasa
Kotake-tamanishiki
Bunketsu-to
Kikei-ban-shinriki
Shinkane-aikoku 1

Growth analysis and the investigation of morphological characteristics of the dwarf rice
plants were made in comparison with normal one (Norin No. 18). The length of coleoptile and
seedling height of Daikoku, Waisei-shirasasa, Chokei-daikoku and Kotake-tamanishiki are shorter
than those of a normal variety, From these facts, it is supposed that the action of the dwarf
genes in these varieties exert relatively in early stage of growth.

On the other hand, Bunketsu-to and Tankan-shirasasa were about the same as a normal
variety, “Norin No, 187, in weight of an embryo, in length of the coleoptile and in the seed-
ling height. Bunketsu-to reduced, however, the elongation of plant height after the time of de-
velopment of tillers, and Tankan-shirasasa is suppressed in the elongation of basal interncde,
These results may suggest that the dwarf gene of Bunketsu-to is closely related to the develop-
ment of tillers, and of Tankan-shirasasa elongation of internode.
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