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Table 19. Strains used in the experiments

Srt\lr(')am Type of dwarf Marker gene
A—136 ‘Shiokari’ +

N—71 ‘Hosetsu dwarf’ d{%

H—500 do diy, Pl la
F1-26 ‘Kotake -tamanishiki*  dfs, CE?, A, lop,
F1-103 do dfy, dpz, lg, lopy

X, TEESEM 134T AENIZL5 X 15em THES
ahzz. 1EKPEH2EFRT2REE L, BIER
EEZERDE0.5kg/a b 2BEHIEE L THZ, 70
MO REEE BRI IEITIEIC & - 720 IEBHAIZERZD
KA Eg s, FROFL (RE+HRE), BE,
REME, 1 M8 WNHEES ZOHERED A

EL A, NEEE L UHEEMIE S STED il &
PUTHEEOEE Lms —h, DEERTEbS
B1F1,Fod & O F3 B BRERTIZ2RNIZ 54 L,
TEFRME ) BN H 5 XERIZ, 72 T ES
B ¥ = — by APNIZ15 X 15em® #RAEZ 12 &
DHEIEE N, e, BHOELEGERIZH
Wi F4, Fste & & OBRMIE 77 RENAKHIZ
15 X 15emD A EE TRES N, ZOBROREIE
BIXEERSTETO0.5kg/ad L,

£ R & R
1) TEAEZEM, TELESR E5TICEh
SOXHFiOFE R

WA PR ET L3 2OBE Y by T8
R RON-T7L, TN ESR RO 2 R, FL
—26, F1-103 5L U2 N 6 OXHF12HAWT9
BMOBEI T 2HELITV, F1-26 LU,
F1—103 O#IE 1233 3 55 & Kke> T Table 20
(2L 7,

N—7L3F1—26% & O'F1—103 (2T, B E
B MMOBEAEL CBANE L - 2 BRI
DV T, F1—26# & UF1—103 12 H1) 3 EiME
DAL ARE LY, B3 HLUE4HMO
MEFMILAEEDSNT, 1 HBELY92%
L% o7,

FIEE 2B L TIAN—71 & F1—263 £ UF1—103
LORICHELENRDSNIBENE L - 12,
%, F1-103 18 TR E A EBIZ T, dpy 2
FOBRIFHEALET 5, N=7T1OFI-2612 44 3
B EFI-103 12633 52 2 & E L Twad 2
e, R TEEENE, OFEREREIE TL
Ty BT L TELOER/MLERT &L L),
— 0, WEETIE O K Bk T AF fEE v
NEKIFEIZBE L TF1—263 & FF1—103 & O
LEBZEAELZL00, BELA23 002010
WEIE T T T/ ESR) ROBRHEICHELIL T
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W 2 R I 29

Relative size of characteristics in ‘Hosetsu dwarf’ (N-71) and two kinds

of (F1s) as shown in percent of those of FI-26(a) and FI-103 (b)

Strain and F1 PH PL Inl n2 In3 Ind NS LG WG
N-71 25.77***  36.28*** 49 68*** 8.11*** 0.00*** 0.00*** 13.68**102.83** 101.69
a. N=71 X FI —26 93.86 107.64* 102.65 101.35 88.76 15.63* 111.92 106.67***113.87***
Reciprocal 99 .40 104.17 106.75 108.95 95.41 46.88 105.55 105.00** 110.07***
N-—-71 2662 33.78%** 42 .27** 7.51*** 0.00*** 0.00*** 12.67***118.81*** 103.79**
b. N=71 X F1-103 97.39 97.52 97.22 97.05 78.44 94 .44 83.90 123.88*** 114.67***
Reciprocal 96.06 100.75 93.75 92.36 84.04 73.46 92.01 124.52***117.77***
PH ; Plant height (culm + panicle), NS ; Number of spikelet per panicle,
PL ; Panicle length, LG ; Length of grain,

In1-4; Length of internode,
Significant at the level of 5, 1

ook kK,

WG ; Width of grain,
and 0.1¢%,, respectively.

/= (Table 21). % i RIE, MR Hn T

Table 21. Segregations of two dwarf types in Bi/Fi populations
‘Kotake -tamanishiki * "Hosetsu dwarf’
Phenotype type type Goodness of fit
Cross combination — Total

Genotype df dy X P
(FI =26 X N=71) Xx N=-71 Obs. (Cal. ) 22 (19) 16 (19) 38(38) 0.947 0.3—0.5
(N=71 X F1—26) X N-71 Obs. (Cal. ) 1(12) 13(12) 24(24) 0.167 0.5—0.7
(F1-103 X N=71) X N=71 Obs. (Cal.) 2(11.5) 11(11.5) 23(23) 0.043 0.8—0.9

(N=71 X F| —=103) X N=71 Obs. (Cal.) 9(9) 9(9) 18(18) 1
Combined data Obs. (Cal.) 54 (51.5) 49(51.5) 103(103)0.243 0.9<
Homogeneity :x2=0.914, d. f =3, 0.8 <P <0.9.
W o F 2 IE ML G O F | ORI b HE F2HEMRPEGRA L LIZAESIZRIL D 377
{;RTén etz ZOGMIZHES & 5 IEF EMIIHIT AKAN S H A
Uad ¢ TEEEEYE ) 2 T RS I DoEEIZ3 T 1 h o, TRS DB Y
B4 D58 0 i3 & & 12hil LD B AR AR ) DEER S KR EHAN BG4 33815 [ dsb &
ThHYD, BAVNHAISL TEREEL T LD (OPAES SRALIEANME RIS ﬁ‘%d1x<dzr§f 51950
L s F ZTRDERINE 217 FA S el o7z, 2T MEMERIOB SR

'Fé%h%hdﬁbiddmt&mﬁ

2) RHEERICBIIEHBOIBEER i, ARFEERICMHIL AT Bz BV T, S
By F A, % b Bl RO O S M E 1 & N- Sl K BEMIZ L, EEOEITIIE
THCREL gL 2T, IERAMO S EEL S 5 oTK”LR“Ti%ﬁﬁ% POREATEAL Y
A TR e ) T (LUR, HRSEWERRE %) & MANEL D200, HEIE EH] S o8l a5
TNLTSE, B (LT, KA &1 L 1oL § 25 TehhisR ey B (LIT, KmAY) A7, s

X

SNBIZE - /2 Table 2213 7/ 5 3 FMEDEEIERY



30

ACHE LT B i sy

Hi38

Table 22. F; segregations in the crosses between ‘Hosetsu dwarf’ and
‘Kotake-tamanishiki’ type

Cross Phenotype K — type Km —type H—type Goodness of fit
o . . - Total ~ Ratio 5 -
combination Genotype di%, (AB, Ab,aB) d|;, (ab) ds, (AB, Ab, aB, ab) x: P
N—71 X F1—26 Obs. 292 26 113 431 45:3:16 2.322 0.3—0.5
Reciprocal Obs. 309 28 104 #“l o 2.95 0.2—0.3
N—71 X F1—103 Obs. 155 20 56 231 do 8.161 0.01—0.02
Reciprocal Obs. 207 20 75 302 do 2.550 0.2-0.3
Combined data 963 94 348 1405 do 12.681 0.001—0.01
Homogeneity :x?=3.308,d.f =3, 0.3<P<0.5
Genotype!'  dfy, (Ab) dfy, (ab)  dfy, (Ab, ab)

F1—-26 X H—500:1  Obs. 89 30 39 158 9:3:4 0.011 0.9<

F1-26 x H=500:2  Obs. 95 38 43 176 do 0.942 0.5—-0.7

Combined data 184 68 82 334 do 0.568 0.7—0.8

Homogeneity :¥2=0.385, d.I =1, 0.5<P <0.7

1) In the cross F1-26 x I1-500, only A locus is segregating as a modifier.

EOWTORERR AT LD DThE, 4 b
KBz 513 5 LlakkZ, HRMEMIZ B0 T8 908k
NG AR (DL R, HmB) 284 275 B L 72 29
LRI ST AMREL B A Tx R L m, =
T 2RARES THRIE L /2,

N—71XF1—264 2 U'N—71 XF1—103 O %
HEEF, TREFZLHEO TR TEH KA, Kmfl,
BPEUHR (HmBA2E5E) O 38A45 10 3 116D
Iz, 2 F1—26 XH—5000F . Tl E 384 9
D3I ADIITEL 2, W E digB L EDOER &
EEA 2 2O BEBBRL 2 EFEAEL (o, bERFR)
BBRHOBIE - RIAN—71 | aaBB, F1—26, F]
—103 I AAbbH K UH—500 : aahbbThH 2 & ¥+ h
i, LACOBIEERE ECHML ) S,

%2 2T h b OBIETRGE ##5GE35 7291 12F]
—26XH—5001 OF, T/l L KR, KmFld &
UHB (HmM A &5T) »520h 136, 8 LU
3OFTHEMFAEZ L TRINF s £ #HIZE
T ABVERID S BERR & FE <72, Z DFER (Table
23), KENZHK T 2 F 3 F#H 513K, Km#l & &
OHR (Hmf A58 220 72h1 000, 3

D10, 310 LHEU9 3 4nzE
FTAHRLG ARONEB & &7, 72, Km BlfHE D 2
M LR 3EIRA20 01 05 &00: 3
1 DB &3 2 BIAYRIR U, HELR T RT
HRNZEE LT, 2 TS S - rEiis
K ABIIHGRIE I LSBT A2EDTH - 7=
L7=» - C, Km%ld J O Hm BN S d g 8 {411 &
BT 2dEb ERdLOF R FRI20 L T, 2 30
FVEEE AT 52 ik TET LD E
EioN07,

3) BHMEOEXICEATERER

KB HAS & ORID3 S HE A Dol 81T 5 8
LOEREFig 1412000 2. 5 HN—71 L F1-26%
L UN=T1& F1—-103 & D3eMe TlEIE ¥ e MER 12 2%
WA SNL - 2DT, 206 %0 CHIES
M A L 72,

WO MRS TR R AR KR
FOUHARN X % 2 A #5 L, KmAIAT £ R L2
WL Tl &7, WBMERIOR L5,
KAMOTAHR L D K& A @A D7, &
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Table 23. Plant height of F3 lines derived from FI-26 x H-500: 1

Phenotype Plant height (em) Type of Obs. Cal. No.
1) — Mean seg No. { linos
in F3 +S. D . of ©f lines
5—10—15-20—25—30—35—40—~45—50 -55—60 65—70—75 (K:Km: HOU lines (1:2:2:4)
57.17 .
1 7 7 16 17 10 14 + 865 1:0:0 5 4
11 3 8 7202332 25 915 .26 510 8
. +10.39
K —type
38.51
I D - 0:
1 911 5 1 8 12 11 18 10 6 4 +15 79 3:0:1 8 8
. 36.98 o
4 23 31 16 17 24 20 38 39 19 20 10 4 +15.7] 9:3:4 16 16
x%=0.375, 0.9<P
1:2)
1 410 2 1 1 2776 o110 5 2.7
Km— + 5.65
m T pe 24. 25
18 7 15 17 7 4 1 i7:64 0:3:1 6 5.3
¥*<=0.250, 0.5<P<0.7
H —type -
16 12 8 PR VTS W ~
1) K : ‘Kotake-tamanishiki’ type,
Km : ‘Intermediate dwarf’ type,
H : ‘Hosetsu dwarf’ type including modified,
‘Hosetsu dwarf’ type (Hm).
Py TH-500
PoFl-26
= —— n=176 —_— 110 L
= wl Py b
= 120 |
E 20t
Z 100 -
< -
0 ¥ T l 5
0 0 10 60 50 = w b
i‘g 50
120 |~ 7
0
i
= 20 b
= s
= O 1 T T ]
;5 60 0 20) 10 650 30
/S 10 Plant height  (Culm+panicle)  tem»
. Fig.14. Frequency distributions of plant height in
F2 populations. Dotted means ‘[nterme-

20

Pl height

[ ¥
10 60 30

(Culm+panicler  fem?

diate dwarf’ (Km) type.
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SIClEMERASME TL 20
B Fotihfiz 7pBE U 72 KBS & HEY & O T8 M & 17
v, ZOF, B A S S BRI BRI OV T Z
N ZN56% & US3ER & (EZ IS, 8kl Tk
PN 1T AL % WA JAE L 7 (Fig. 16),
:@%@TiKmﬁgﬁHmMm%%ummbh
TREHE T E sy b s, AR
DTN ANEG e Fa EBHOB I HLL L
7o b KEIDSEEMKIZDWT, dh o+ 2
BAZ A& S OB & SR, LR s Lo

IR LML T

ARG REAR ISR O #5133 & A K
HHENLE T,

INSDZ ENS 2RO R TIOER
R UBRBENII W AR HS A S 5 2 L1
SVELOEBNMIBEREFESI2LDEEZ LR
A

% ZTCF1=26XN—710 5 F ) b L O Fo 112
Tyl RS RUEOR (b d B oG Lo
(ET AN OGEIK & A& 72, FoTIEL O ST
LU TI0fEfk, RuEEE LT ik asikl, X
(CRHAEERL 720 ZRH D0, 6] (1955)
DRI E D BIEHR EHEEL 2 & 2 A R7=0.375
Thole &HIFy R R D R 9 Bk, IKH
120K &8, AL 259, 5 =0.533 %0
SEE O R D A0 S N, F AT HED

|

Number of plant

10

[~
T

Number of plant
&
A

T

i

Plant height

10 20 30 70 en

Fig.15. Frequency distributions of plant height of
F. plants derived from the cross between
d & and % types which are near-isogenic
lines (B3) of "Shiokari’. The genotypes
of each populations are as follows ;
B okdl dE L khidl o db hohdly
d{.. Torizontal lines show the means
and ranges of the plant height of parents
and their F s,

Uiy ety JisR Yy

1

DS L F B XUF (1281 3 ZHMFE T KA,
HEIWF U DWW THHEL Y, WO
MY 28BN THLZEMREht, DXL
B & OBAAMIT 5 N Tl B IZ F25 0 bk 21
B AT I O0nTHENL 22,

Filldrn T d S s (RN M U TR G R
T, OB FEEL {I2OWTIEAA . _H S0 BB
% 2 {71 éﬁ‘f&‘ BIRIETE (dfy/d s, AA- diy
/dfy, - BB) X5 PEO R TERTE (d %/
dﬂ,mwb)#»ﬂlt‘ F IR AT T, Fsy
MO E RN EEL 72 KR & HAY 55 KU Km
e HmAlE & 2#HatE LCERL, 2hFhod
MR LA > 7~, K, H, Km# £ UHm
D AEMRINTO M & fr- 728 25, wih
NOFEMERN Hu T8 RHEIT o T EME AR
& 5K 7 (Table 24).

KX HRIO ZoM b B 12 1517 A BRI EL L

Table 24. Analysis of variance for plant height
of four dwarf types derived from Fs
pair lines

1) K-type
Source d.f S.S. M.S. I
Line 10 5258.753 525.875 19.364***
Error 124 3367.573  27.158

2) H-type
Line 10 491.521 49,152  19.450***
Error 108 272.945 2.527

3) Km- type
Line 11 8779.026 798.093 36.002***
Error 156  3458.254  22.168

4) Hm- type
Line 11 796.080  72.371 18.96***
Error 113 437.408 3.871

«++ o Significant at the level of 0.1%.
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ALEHmANZ B 2 R H D B DZEIIE 2 W Fh
KL EUKmBIOERAKELSHF L Cnid 2 &
A &L - (Fig. 16,17), 2 hiv 6D EH
5dis bk Cd LT 2GS SO & & Tl
CHEANKIEY A E Y S A, F ORI
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L0 o
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Fig.16. Plant height of ‘Kotake-tamanishiki’® and
‘Hosetsu dwarf’ types and differences be-
tween them (K type-11 type) in each Fs
pair lines. Vertical lines show standard
deviation.
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Lidd T8 <, diy s diys ORISR I
W ALUGHBIZHED H 5 = & At x 7,
I THEERIL fa, 0 d fy b KON MO RS D
A B EIM & F Bt i o f U 2 BIER 2 5 G5
L7z Table 25120554 2 & < a bl d fioxdL ik
WL R 30 % RIHE T AR A AT L T d9, diyiz &
L7 %IZF X500 /2,

IDE I IEEEL f-a, biZ R E T O K
PRI L Tk 2@l S 24711 28 DD, %7

A ADIRENIHZ Y & i {2 5e
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60
I
Km type
Y =0.443X +30. 77
_ o _]) r=0.052%% %940
ﬁc em J:E{: é
B a1
a0t TA@ 20 é 2
N \:l)()88\+lh/1 “@f%
Hm  type r=0.525" o Zx
ol . — — =
2121 20 22 2102000 22 2 dRLG
T } T
116 3 14265 5 23
[ [ [ I | | [
132 1 TH117 1 9T
Fig. 17. Plant height of Km and Hm types and
differences between them (Km - Hm) in
each F; pair lines. Vertical lines show
standard deviation.
Table 25. Effects of the modifiers (a, b) on
plant height of dfs and % types
in Fy5 pair lines.
Dwarf Mean of No.of Reductfve
t Genotype | lines CV . ratio!’
ype | lines
(em) (%) (%)
Hm d{;;,ab 19.02 141412
H dm,AB,Ab,aB 22.91 9.34 11 ’
Km df, ab 42.19  17.62 12 -
K df, AB AbaB| 60.03 10.48 11 ’

1) (H-Hm)X100/H, (K-Km)X100/K.

BILTOMEIZLY ZOEMAMERIZS22 80
HH 5 A 12 % - 7= (Plate 16).

4.

5 * %=

PETEEME) L0 VINLES, 22 hFh
B BVLER YT 2 (kb & UHEE1943,
KN EUEEI974), Zh 5 DBVEICED EIE
[-OIRIEFEERIZ K0, ME{R--13 L2y B R
CHY, di<di<txAELBEEIHD S R, &
TEIZB 4 B d Ml d kB AT 2 0L L T b 2 &
A 5 7
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BIPRS00 T, BlAE TUS0MEIZE K
SOBIEAFPSITEN T30 (EH LD
ATF1974), dig MEFBR O THX GBS -0 3 L1
UZahdiid v, 2D 28RBS 1M
1251 AR 2 R O 2 5 & O ErE LI R
TA2b0EEZOND, Thabb, KIZAE(L

DI EL T s L TEmMEDEHR o X
%mé<,m-%m%ﬁm%gu;u1w%éh

, BRSIEGROMISKEE L 4 5
m@%wﬂ AHEE FRHEET VT2, 3D
WIFEME % L U 22 559 2 L hg (Fig. 18), wih
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C:d K wpe
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L. PL 1 InZ [n% Ind 1.G WG T

Fig. 18. Relative size of "Hosetsu dwarf’, d IhHI}'pt‘
and ‘Kotake-tamanishiki’. @% type shown
in percentages "of those of the recurrent
parent, ‘Shiokari’. CL:Culm length, PL -
Panicle length. In1-4: Length of internode.
LG, WG and TG : Length, width and
thickness of grain.
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Wi, thb s, Fllht 25 LO M E
5 E s AR d N%/(3OA, dlizxd
LT % &, 2D X 12d it LU Tk
WARMT R E MBI X D [E- - oA MR
S AL 72, FOEKDRIIIENE LR
A 5N,

AFER TN L 2 d BRI BT H Y
INhaEdIBEFREHOTSSIZRFEL £
ET AL, LDEROLOIIHEL TROR
HAMEFL, U5, BRLOHImTIE 2 OEE A
Wlid A2 LA NSRS s N b, A
HlIOowTE, REBRTHS Az xh A WEE
FOERIHORGEIZ T 3 éif'?ﬂt_i,/héﬁfw L
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R 5N, MEMERMORE LT L AHAT
AEMIZH 5 1y 2O XM B RITIE
EATICRAT SEITER, T4 b b RUCHISIZE
AETAZEEI A DY D,

g5 (1961) X4 4 L4 X0, WAL O
TR P RHB A D, @EE P IRIEI &
ET R AN, MDER T Sl & 48T
WIfFsm s 5 26 26 2L, 2 215
A A L XEIERIE . sh Shots K USh, (KM
1969) <, A ARERIZT, EMOCHUARE
(EOEFMBZE 1203 5 BUSH: O£ 55 (Toar

and Oka 1968,°70, Tsar 1976) THH s hTw 3,

KEER D6, digEO X IEIE I A 5RO
WAMERPEONGEIL, EHRA & 5 OEAN
T5ECCER B AT A LASTEO Mk D &
Eiohl,

TR W TAINGEE Ok % x4 k9
Ly, 2 DML (A G IRE S CHE RN 1R
BEMIIRD ZREAIE L TL S, ZOML
MIZAHE LT, BRI B AT o KD 2 &1L
AL shdabnEELLNL, LD TH
o BBIZMTS 5ED B 3 ARRTEE(L A&
WA 270108, EMEITEDGuwEE L oh
DEEVREIL ¢z on iy, BIGEE E ORILA:
WL J &GN R T B ERH A 5,

2. dEIEFEOERRY

HEREIERTE O PR BUS IERE I 4508 5 (X8
FOWEIZKKATILEOEELLNDE, TN E
ROV (R - & U LMY, FRs Y
ANL VIS SN L ) c ke DRSS
AMESA TS (Prisney 1956, Katsum et al.
1964, 06awa1965, Prinney £ LU 1967, Goron
1970, Raprey 1970, Gale et al. 1975a,b,776),

{ 2D E XL ) Oz >n T
fEk 2 <Ny H 5 (BRI B & UV A1960, sk
251964, Murakan 1968, Sucr ef al. 1968,
Murakai 1972, 12651972), TEISR ) Ty 45 & U/
JRER NV ) VERIWR DY S B IR
BIENIAEAZAGTAI L ILENBE2RHE TS S
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DL ENn (Suck et al. 1968, Murakami 1972),
— 5, BIER T Z OFM AR AT TEEEME,

BEU UNEES) DIEF M FNBIREET, d
55 UILdEP L L, dh<df< + % B8 S
Flld b, 2h 6 DFEMETIIINEE» 6 DGA UL
Dk THEL I THFLVWHRERIEE R T,

AE T, dpEZE FOEME df & O iz 5w
T, MEBEZUNE ALY V2B 585050
2, BIEZTOREERE Y XLY) Y REOH
ZArmoricL ke L, £, S EEF
DY) B B A EHBE S S WE(E
DENLTIZOWTEEEMZ 12,

Mk & & O ik

Table 261254 30RO ENE S L USEED IF i £
faHwT sy <L v B (GAy) LT 2 RIG%
S RAA

EEIRLI T FFEIZE -7, T4 b b A
HAGE U CRA%, ARk IZ28C T2 1R,
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ADGAUEEIZ AT ARG A N/, & 512 1EH
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WX U2 3 FEOIRIPGEAZ £ R H TV T, GA LY,
GA * 15 L U GA 1z — aldehyde * 1% 37 3 I & &
QL 7,
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ke sk - TERL 20 MR 4 58 - W,
VMO /i, T ab b TEEEENE,
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Table 26. List of strains used in the GA3 treatments

a) Dwarf types

A—12  Tillering (bunketsu-waito)
A—23  Daikoku

A—26  Ebisu

A—28  Ebisu-mochi

M— 5  Norin-8-irradiated dwarf

M— 6 do
M— 7 do
M— 8 do
M— 9 do
M—13 do
M—15 do
M—17 do
M—43  Hayayuki-~irradiated dwarf
M—44 do
M—48 do

N— 2 Ohgimochi

N— 5  Daikoku-ebisumochi
N— 7 Cleistogamous
N—45 Multiple marker
N—46 do
N—49  Matsusaka-waisei
N—56 Kamikawa dwarf
N—57 Kamikawa-bunwai
N—60  Shinatoh-waisei
N—61  Jokei-6549-waisei
N—62  Yukara dwarf
N—70  Toyohikari-bunwai
N—71 Hosetsu dwarf
N—75  Daikoku-4

N—77  Tanginbozu

x; Unknown genotype.

IZHEL 7o F 4b b i o ik o 54

PRUMARGAZEE 1009 &l e L

Genotype

d sd yd 5

d1
)
de

doy
di3
diy
d7
d7

day

doe dg
d1ds

<,

d7
ds
ds
dy
dio
dw
dy
d»
dp
dis
d
*

d s

70 %

T TCEML, EHLTIONHAGEL 20 b
MR L, S A N, ERL A, ZOHKT

b hEE A S BT L TS N kK Ak

b) Normal types

Stock Name
No.

A— 1 Akage

A— 2 Akaine

A— 5 Akamuro

A— 29 Eiko

A— 35 Hashiribozu

A— 50 Ishikarishiroke

A— 67 Kyowa

A— 83 Norin~20

A—125 Shin-ei

A—126 Toyohikari

A—127 Tomoemasari

A—128 Yukimochi

A—129 Sakaemochi

A—130 Shirayuki

A—134 Yukara

A—137 Hosetsu-A

A—138 Hayayuki

D— 46 Ginbozu

Ho— 15 Sekitori

Ho— 21 Omachi

Ho— 30 Shinriki

[ — 64 Norin-8

M— 33 A-5-irradiated

M— 34 do

M— 35 do

N— 9 Hokkai -87

N-— 21 Minamimochi

N— 27 Tomoenishiki

N— 54 Megurosakaemochi
40566 Tamanishiki

— Norin-28

BT pH 2.0 128 U TRl =~ 7L T 3 ik L
Joo BEEE T OLHNZ W T, pH 7.0 O 1 MEEREHE
a3 il %, MERR AR iR & B AE T plE 2.0
IZANEE L X SRR T R LGS IR L 22 £
5 AU FERE OV R KRR RS — 7 R LA T
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Table 27. Frequency distribution of the gib-

berellin response values calculated
from elongation of the second leaf
sheath caused by GAj; treatment
(0.51g/0.5m¢v)

Range of

the response Dwarf Normal Total
value (%)

100—149 11 4 15
150—199 9 10 19
200—249 6 13 19
250—299 2 4 6
500 —700 2% 0 2
Mean of the response 8
71.2° 202.8
value £5.D. +49.2  +43.1
1) The response values were given by
(Treatment ~Control) < 100
2) ‘Hosetsu dwarf" and ‘Tanginbozu’
3)  Excluding ‘Hosetsu dwarf” and ‘“Tanginbozu’.
10 F
8+

Length of the 21d leal sheath

‘Hosetsu dwarf’

‘Hosetsu-A "’

L L

L s L
0,001 0.01 0.1 1 10

Conc. GA 3 (ﬂ g/O .5md)

Fig.19. Elongation of the second leaf sheath cau-

sed by treatment of gibberellic acid in
‘Hosetsu dwarf (N-71) and the original
variety ' Hosetsu-A’, (A-137).
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D& O BOBE AR & e S a e 5 11, MG a3 22 TIEEL 30y ~NL Y o,
IR DOEE, GAI XY B LRI RIS L) 7% b HGAL, GAL. GA - aldehvdelZ 1f 4 3 1L
SRR KA S LT O A alfiglE AT E 2 5 Mj&ﬂﬂNf;aGAlifﬁlﬁGA;VM\’:ﬂtlkath
7z (1E51972). IO E d > d> d > 4+ & % D EBVEIMO K G
PEEREVE ) (2D TR TH 5 Tl — A
EEBIZGA R I A0 2 ““Ti(])m‘i»a [ 8 5

bR A frus, Fig 191203 2 O LOsHhR % 47 L GAY GA;

THCEEEME | LR < IR O GA L LT - <
ELOGA AR & 4, SEE O ARG LA
BOCEnE 7 E 4 0.03ug/0.5 mODULERLL F
OTHAIO N 2 B S L D E T S o]
S e AL Do TR B b RO

the 2nd Jeafl sheath

of

FRR -
UL ER 20T Rk TH - 2 = . .
BT YT e T
2) r%ggﬁ_} s r'J‘IE&%J g5 (63 rﬁ Cone. 2 g/0.5m¢ Cone. p0g/0.5m¢
|FE ICHITBGA., GABLUGA 1p-aldehyde Fig. 20. Elongation of the second leaf sheath cau-
o S - sed by treatments of GA; and GA7 in the
i e ) r i three near-isogenic lines (14) of dwarfs.
BRGSO VAR RETE i T 0 Ty dics Hosetsu dwarf', i "Kotake-tama-
RO PRI ) ENER I GA 2L I E S nishiki’, 50 “Tanginbozu', + 1 *Shiokari’.

Table 28. Comparisons of the second leaf sheath length between GA-treated and
untreated dwarf plants (t)) and between GA-treated dwarf plants and
untreated original strains (t»)

L.ength of the

Strain Treatment 2nd leaf sheath Uy s
mean (em ) £S.D.

Hosetsu dwarf water control 1.05+0.08 *okeok
do GAp 1 2g/0.5mf 1.06£0.17 ns o owEk
do do 10 do 1.25+0.41 ns *okek
do do 20 do 1.14£0.30 ns ok
do GA; 0.03 do 2.41%0.17 ®kk g

Hosetsu- A water control 2 r(H‘().l() *kok

Kotake -tamanishiki water control 1.58 +(H)8 ¥k ok
do GA 1 wg/0.5mp 1.5140.07 ns ok
do do 10 do 1.56+0.11 ns *okok
do do 20 do 1.49£0.12 ns ®okk
do GA 4 0.03 do 2.261+0.10 ok ns

Tam anishiki water contr ()l 2.33%0.16 *okok

rangmbmu water conlr‘o] 1.41%0.13 Hokk
do GA 1 pg/0.5my 1.4840.13 ns o kkx
do do 10 do 1.70£0.13 *ok *okok
do do 20 do 2.00+0.28 *k *
do GA 4 ).03 do 2.16+0.20 ok k ns

Gmbozu water contml 2.35%0.15 oAk

(JAI’ -aldehyvde.
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GA,-aldehyde (2 &f L Cix TRIS 12y Cl04
£ U20ug /0. 5mOIX 12 BOGA B 6520 TN KR
iy TROANOK T LGRS 5 g
Dl N TERREEVE ) O WLPRIC ORI
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-7 (Table 28).
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Fig.21. IHistograms showing gibberellin-like act-

ivity of acidic ethyl acetate fractions from
four straing and F ¢ plants.  For the hioa-
ssayv, seedlings of 55 (Tanginbozu) were

used.
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[listograms showing gibberellin-like acti-
vity of acidic ethvl acetate fractions from
four strains and F i plants.  For the bio-
assav, seedlings of 4 (Shiokari) were
used.
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RE O 05 Lo
d 1t . dsh -~ disk (F 1)
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i~ e e s e il
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Fig.23. Tistograms showing gibberellin-like act-
vity of acidic ethyl acetate fractions from
four strains and F | plants.  For the bio -
assay, scedlings of ¢ (1Tosetsu  dwarf)
were used.  Confidence limit of water
control 1s = 0.09¢m at the 57, level,
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6o QI A U T H M < G OIETEA R S
Ji, dSERVE A BUESHE T2 & BN p
U R U, dasBME & 0 o fiilimo 2 & » 42 <
Wi s s 2o, 2 (Fig. 23). Fig. 24 1213 d iy
ERGERM S L 2 EEDRER R L AL 2O
W, WENORMH, S DNz Emo &R
BHENT,TLH20 ) AoOMEmILNTY
0.0l ug GA4 KIS DR EIET & -0 72,

IS DO IREDEER A F 2S5 & Table 290
e ER D, FRNENDOLRM A S DA %

sl o.0r » .01
: — L I S I

1 1

L

d s dh dN o (F
l) 01

T N

—— ek bome Y *—‘ T s 05l
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Length of the 2od Teal sheath

Fig.24.

Histograms showing gibberellin-like act-
ivity of acidic ethyl acetate fractions from
four strains and F i plants.  For the bio-
assay. seedlings of dy (Kotake-tamanishi-
ki) were used.
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Table 29. Comparative activities of gibberellin
-like substances evaluated from each
combined bioassays

Strains and F, for extractions

Strain Shiokari N-71  F1-26  N-77  N-71%
F1-26 (F1)
Genotype dywd 45 divdss dlidis digdy dfy df
Shiokari d&d}, ++ +4 +4+ + 44
Strains W o
N1 dizdss * t + - +
A FI26 dfydy  + + P
bivassays ~ X
NTT o digdyg HHE AR AR -

inactive,

:active only slightly,
b low activity,

+ + = middle activity,

: high activity.

o

Mugarkant (1968, "72) &% TRIgRES 1, & kO,

R T 1 PR GRS ARN) PR BV X1 |-f~~
RO AR IV SR/ RV VIS STAR Y NS § i b
e A o U TRIELES 1 13— — Kaurene %2 Steviol
A RO R ITII LA L 22 AN, TN RER el
" mJ raﬁ/H")9/,J TR Y ufj’&) N7,

)i, 10RE AL ) oW CENO I A T
U TREBREG By Ed it B S Wﬁﬁﬁ—cjt’thA;,
GAG B R U GA IR ARG A Y s ) 1%
AlobnTfnZexsnrizl, ZO 3OS
ANL Y AGERE UL T LRI REEIE A
WL EREML 2, &6 THR-C, o ¥
67NbU>ﬁ”‘ImmT%é:t,b£UGm

SHU IO MRS A 2l s, REEMET
»iGAwﬁw)GAltuﬁaﬁﬁw:ﬁﬁmUQMHﬁém
LTWwWadEDEEZ .

F /-, e is Kurococtn 5 (1978) (2 1T ASRLER
BEOUTUAN) &X CHIERE TT-1360 O {4 5
N XL ) v B GC-MSTEIZ R D NilE L 722454,
ERZ S ANL ) 2 AELIIGALTH D, F oMl
GA1, GAs B LU GA  BRD XL Uit 5
& RHERL



it A R ORTEI

Karsean & (1964) (FEEPE P72 03 2 Dd-5 %
an-1 Tl3H L VikERE DXL VIZEARL D A
LD EEZ, £ah RS v OEANER I VTR
ANNT L A 5 GAp —aldehyde DA 5

SENTV S (Graese S 1972).

)i, Favie & (1974) i34 4+ TSRS 12, T
S G AL L EEA GA R E NS 2
EER AT L L ERRA 4T, 157 5 < GA
D F DN & LY L A Y oNL )
VSR SH RN T AL O TH S D b D
H%T"'i@{ﬂ‘r?«ﬂi;t"i oL, VAL ) LR
FRBR O HLA i ] i?éi:f,/in’d ‘r‘f'xi, EAIY 5 dy 5
PECiE, 2 DL é;ch‘ Tu G LOG LR
(Nlretma 252802 807C T‘!'i< e Ay &R
TENASLDOEEZLND

U720 das BEVE U0 RO 7 (3 AR I
DEBEOFER Y 20 Cn b & 2515 L
By =0 TUEE ) 25 ff?ﬁ% 1 é}'lll;’l"“}} L
T LaetE & 2 212 a 5 0 KRR o
b A BRVE A RE SRR D B dp BN S &
Fie O fho S o S DA op L O B AT
SRSV

E1d b J AR EVE A FOE S S L B

Ol RN RE D S 1S AU IR ok KLU'i
LRI, MIRDE RO ML B IR 4 Y
5 EHRBED B , 182 ST o E &

A0 OB EEO w2 L Y L AN

Paradug, mEIrEOGA ;. B R UNGAS L
S b(’ufl"l- 63, dIET f’idlg'f Pz & il %
< ﬂJ:”x,JL‘ ALX/J\i?EV)J’fy/L‘)ﬂ
3 zw), L2 g O b i R & 1o
PR D O RN 9 A G XL )
AL BB A L EA T, e
A M ERTE O e /;L'uld)xmu} Yt d Lk
DN 12 BB O & 2704 5 2 b kA
YAHEEZLOND,

F o, ARV A IO TR PO & foE L
mEZA, a’;;;t&i‘["lz RERC OSSR WS
BAGTE AL 22, dn BBV S LD B
oz im; /I~I.IJ7b> Llzeh s (,,H DL INERAPANP
VYRR s D R E A 2R kA R

/L& f),

W B 41

SR, WEVEDETN T ANL ) v ADHLRADEL,
ZOFERE L THEREY sz xsn b : 2

ZELTE LI,

[::]*‘ P 0 CRRMERIZ A7 N L) v
ICERIE A IANIZHLE 4 A s LTk, B
T ILDd-5AH Y, mevalonate » 4 (—) - Ka-
urene O BOBFERT I ¥ 228 U Tu gl A%
I E N Tnd (Punney51967). - 17, HHITI
GIBBERELLA FUIKCRON |2 35 W T 2 XL AR
A 2 2MOBE FAMSNTEHED, g8 )lF2ThH
SNL ) R E DY, B0l GA L EGA D
(CDFRGA D Z 2SN T2 (Spector 5
1966, *68) 4 #1255 11 A EE M [, dasts £ O
diiE 7 ORERE L, FARFIE 5 KU gD oy
Wa& 5 28 E TS (Suck 1978).

PRk o> 28 & TRETEETE ) B RO TN L
B <d {7 BRAANEBIEE B Yl EEE Tl
SR 5 O S ARL ) R BRI YN L
s 5 U\’LT{J/H*#L‘/J‘ SOHII kS
S Zhieh NS
dwid]wifl{ J"&Iidﬂic; LU EE RS 1 P o3 2 4%, 1
BN A SR < § U O H TS T S E AR R eV
BRATEDINNTH D LD LM s N,

i, RERVED IZRERIY -‘l"”@"“"f?'fé“gﬁﬁb* 5 HG
AU S ARV R IO HU LA B4 A 1
BRI L TH RS H A . dg;&dmm&_ ES1ign
Pz d 5, W, Z40s OFMSE(ES -
AFE IR & b A0 g d g <d f <d
ER AN )L 2 d ] dyy 5 B RN RS
'T“Hz‘l"l ORE EL < RiAMEL (Plate 17,18), d

CEAUT AR LD S5 U R B (G519
5 IS OEIAMMEERE LY a‘ﬁ%"‘
H‘TJJL;]- TR A 7O, dagll & SIS ].,;-q

ARt T H ), EERTEL B SRS SO0
fo["vﬂ-fvf:% 52 ﬁl@lJ CEAGIVE AT
AEELI TR0,

)i



42 "L‘N)Ju NA x:,‘,

&~
X
W

IV.

SR 3507 S BRI R FLR ) S
W SN BREIREYWCH Y, IHEMNZ L kg 4
WhTZEnG, Jm AL AN I S INOE - 311

BRSO AT, ATNGMELEZD )5 (Pritox
1964) . £ 7=, KON sy £ <
B RN B 2 SRIO TR CI fi 4 R
AR QR

£ 4 CUEHERSORR LD & s bR 2
ez v s Cx 7z
ENTI AR lﬁ]’f'?{ﬂ( R RE AR
Pl L O TS B A B L
IS R e z\r u’ji‘i‘(ﬁ IR INISH
EHIS P R0l DT f')’;
RV {4 f- DI )éﬂt[ ik,

[y

oL C, kE
S 510 dig it

1 Y b

fiE A

e A 5 RIS R, A E

THIL 2000 &2 RE L, LAad Cenn D
L CONRIE RS THILL Cuh, 20l
DV 2 R 88 b L O o FE

K2 CEL MR 1A 4 L Cur /o Coox
(19150 1F 1 O & & R4 4 AR 1R & il Ay O’
HESAE >H§l’W>’W KL 7 Az e S
hf' ’tﬁ'{'l-kﬁfi\‘ J"' : B2 D A & K
A YL t FTE LR, by
ﬂ SBUs “‘Ef’ fE LT dre, dis. dyz sy
AR HITLHEANTET TS DO

([1;(.
LAl

~

B D BN O R A & R T C 2T H
7

Morisina et al. (1968) £ £ Ora et al.
(1968) (& TEEFRS by (ZHIA S DR AT NN
Ao, RofiBifisept 27 a L ) — &
KT A AL ‘}*(DT‘HW* FAANS 220 22 1Y

2 Wil ke 2

[
YD,

RS TE, BB L L R T R
FEAR Y AR VO Re (HECI PN RSN Bl
TR s N R T s & ix 5 2 PO AW S 2
DEAL IS O EREA S PUEYEZ Oy [

D A AN I ERGTSE Pl L EE AP S B S

o A A

|
Sl 0

(ke EOVAR N 1974)

Ve & e -

iy b1
DRIy

5

2k &

42 (Morisiay and Ora1074) . F 7=,

DR LR AU RN LA J S B LR &

S
)i,

W S N & ./ D

ST EERNIEL
i b4 LU (1969)
'[‘u'lﬂ‘

L
FHO PR I+

AN

D]

BEMIRIEGE 2 0, BITE YA BN N7 — » &
WL, WL A4t s LC 5 MO S R
fEl 22 2D b, dy, degdb KO, B
LR 2 ORI A G £ AU H ), 9 R R S

ZELURECH - IR d s RS T
5 2 WO A EA R85 <, d sy dgg to7ow0
AN S i IR S IS B I 11 PR i
Tl & 3 3 i O M R E A {1 ) d oy 12 K B g
BIRLE &0 2o idu-d vl W 204 e

C;Z‘TL \"ﬁ‘("/t’ 7 f&fk"}[ﬁ(‘f)gg ‘;‘}3_ S
O LD RS AT S B i fif
Pebfe i fdy CHENY T Y, RIEROE Lk

SEDD, BSOS 500
AWCH S AR S WS s L0 dan
N d B LU B D EEVE TS 2 Wi AT
W a8 d - 0 g (1974) 122
MR IL RO BBUE o0, 2 RE TS L
BHAMY AL N2 & B TRE T O
JEMLE A or 20 BRI O {1 fF AR
WL T, WM DT L A dn AR
S&v ) AL
SR RO IRVAY- S U PR CRGIE SRR A A 08 115 5 ¢TI
PR T &2 RE L 22, JSiE T b il
EXONLHETE L Hft%gﬂni AL
AEITHNS. m—’l'f:,@fz; RSN E IS S
xS HDHL G4, MAsH ’:Dl"/u/ £t
W5, Wb A R Juf O A
RN A A t) & LK E ; 'J‘mi;
A NI L REVERL (L A 3R oL
FALENDORIEZ, H J\ DEE AW S L f A,
WA oo S G AT L T ek

D od o 1
)[[/LL_ }L 5 ‘s
CoA e

-
[GRE-T

3 A
D

2



bR SRk
{AMITY 5 0ER BE O 32
Ldh 5,

)i, HVRELE O EREHOIC o0 TH
A, T RBMMEO e S E 2 5 NSO
FERORZT 2 TIEM A RET B &, 2hed -
DB BB A AL L,

PR B RO N LR 28t A
(Imu. dlx»i*f” BIZ2H 1, ‘118
VEEavd, s O RS f AT RIE Y
fERIENGY - SHBRBERAN . K- TEEL 72, F

A RSN AL NN ORCY - o o | - AW AB i E PN (Y
e d b OFNENORMAEEL 72 2 FO
LT GRS W o - NS 1R S MV U § e G F ST (LG 8|

SHIRIAND e 238 DD, S, FHIND
NOLOENINEM T HEL CHEEL Tu AT e
MO SsN [AED Z L0k, 2 MO B UE(L O
PRI B8 Sl RF GRS F O L0626 1 A A,

& T T S REE

(113

V. i

L. BEPEsn J"(Dllf]'/if'}'é”ﬁ?ﬁ‘ 5, dy=dn=diy,
dis=dy, dig=dos% AIHFEW S 21285 &
ol TR AT 7ﬂ’</7 RVEI A 2 WL 72,

2.0 RRVERS(A -, dx, duw. din. dog B 2O d )
AT, XD, XESTEE S 0 T, 2 E R,
lg—(d ) —dq, (dyp) —dg, dww—becy & £ U
do—Hg % 208525 - 7~

3. 21REOD ¥4 SEEVEA 1z, R,

fi TL 2 ?Ji'f-\ﬁﬁﬁ“f A AL 41

T, R CHEAL KO L 2 R
5:‘}’(3\’!‘ TS 3FROY UL RUERPE A s 2o i
FERIC K ANE, AMOK U kYD, dyDgh
RIZEDEEZONBENAR X, bt
B HA 245 & v b 24 7

Lo P X N 22 20PR D BEVEN OB 4 - R ol

i PO ol S O° R g xwﬂuthn z

i b;,] SAHAYE -, f\'LAﬁEWl“]é)U’J\4~8
1“' LML GG ZRAENS L 11RO
HIEZEIAA 5 6O 20 6 AT i,

XL T

[2uki >

W B i 2 43

WARPI S sz xt 3 2 LI OfREICRE 24 U T
Wi EEZLN,

BRI R UE, dEEE R Y N ) SRRt
RO VT VCERS U REMICE S T A L an b
(MURAKAMI 1968,772), I XL V) {CHHIRE 5/
BPERVE T, dfslo K AP dis 12 L3RS T
R SHIL T, RO S, S Ot
A B R PE IR HBE AR 5 h, ikt T8 s
rclE, YLy GO HERERIC v T
Wz 2858 -5 L TOAaHEEDY H 5,
Thbb, {2 ORI dis 12T &
¥ m.{ WThHY, ZOZEN, MrEEMIzE

S LAPEFIED I ET 2 L &2 5 M 5,

uk,mmamﬁ%ﬁmﬁ&émbma¢5
MW, BRI O A AR A% % R
Atz bl &b, ATITTRRIZRE 3 5 JLRE
WELTHAIMNTH S I,

dll‘g\

%

5. BRVERVPUEAL (SR D0 T, s e
RIUHE 227N &AL, KEBEDLL
A 75 7

6. 22fDRVERIE TL A0 ) EOHETF, %
[ OrBE U 22 IE R R & BRIV & ORI T & 2
Mg &1, 5 s & i, ML 2

7o OEVEERL L0 ERhR T H S RO RIRERNE
WA OMBIL T S A, FG%M&H
WIS Y L W PDBAE R R a8 & T
IO RLE DA 820 B34 8 & 5,

8. ZHIfEHIIIYS 2P L FORRUL & XA
D=1z, By Yl o) IE 7 R AL B e RY
HIP B DGR Z DN T 7 T A7 — 53 & 11
VR G IO EN L MG 2 HEE L -

9. HEPREA oz, BEIICREORE G &
6N DI AL TRRmIEE & T
TEO L, EIRENG- BRI O S 88T 5

Wiz & dH ),
[EEASI TR )

f‘ﬂ"!?i FONTETI 8 KU
ZE x| RIMEL 0T



44

PE&MET 285K 21572,

10, FEafini 3 5 &M O R Ay VR & BaF L,

PRI, d, de, dn A2 S 5124
2 B KU 3HRERICHEER L 7o,

11 SRS R SRDIED K x S 128 mE 4k
Ha&ERITL 72, SKE, AkWﬁ&U%ﬁb
SEM s N RIE, RARENI D &, 138
DFEN & XA 7o

12, BEVREL O LSO Tz Hn T
Lo 6 NLD, WHORENENRZ Ori st
BIAfIZEDZNEFNNE - -,

13. 2FEDBEMARIT b b TEFHEI ) b XU,
TSR B S S L R d i <d
<t4 SERHMEH

M, 26O vaE{L 12 E AIERITlE,
RS BRIRBIG AT A Y dE TR, & 1
i WM a2 (OB EER(E (kb A
It dl<dhkzn 22700 6 .
(4 T AR 5 k]‘ A
HUEA H ),

IR SRV xS
[RNEERDY 1N
BOCBUS L A &85 6 O L e

ERUSIEATS U ST TR

aEhs,
15, £/, Zh L‘;@Hf-'f"%:zi PROSNES 12 & Talfglz
GAS DM - THEL WSRO & a0

16. GAy, bA~wkf¢ L BEIC L I EEPE R
YNy - 72, GAp-aldehyde 12 xf L U,
TEREERIG ¥ Cl0d K U8 2019/0.5m0 [X 12 fif £
EOIe Y iy & 1 7 %,(J)(D MR R34 25 7
BOeis i 5 -5 72,

17. mﬂwﬂﬁbrahﬁMMM@t%w%mu
TLE20,, TR ) EUERSTIHA
ERGESRH & U TIN50, wiih & Hill
UZimi DNy — v moli U 22, F 72, TRIERYS 12
EBR R B S U F Al dl) it 5 15 R
RTINS S AU N SR FR U G
RN G N S

18 TEEEERME ) B RO T B 1219 S
A E O dijlE s L) o U B3 Bk %
NS AN A SR BT E G VAT S PRSI [ QI N RAFS7D)
GRS AR TV ANTEEY S S



10.

11.

12.

13.

Wi %A A0BREBICET 2 8IRFEITE

45

51 3 B

. BHIETE K (1925): RiR i iMT 2 EEVEDBIRIC T .

H A zifiif s 1:308 — 314

. Arran, R.E, O. A. VoceL and C. J. Pererson

(1968) : Inheritance and differentiation of
semidwarf culm length of wheat. Crop Sci.

8:701 —704.

. Aquino, R. C.and P. R. Jennings (1966) : Inherit-

ance and significance of dwarfism in an Ind-
tca rice variety. Crop Sci. 6 : 551 — 554.

. Brian, P. W. and H. G. HEmmiNG(1955): The effe-

ct of gibberellic acid on shoot growth of pea
seedlings. Physiol. Plantarum 8§ :669 — 681.

. Crownnry, A. R. and R. E. Artan (19966a) :Culm

length and differential development of three
foliar leaves of near-isogenic lines. Crop
Sci. 6:28—31.

and (1966b) : Culm

length and differential development of the

coleoptile, root and subcrown internode of
near-isogenic wheat lines. Crop Sci. 6:49 — 51.

. Cook, O. F. (1915) : Brachysm, a hereditary

deformity of cotton and other plants.

J. Agric. Res. 3:387—399.

. Faurr, K. F.,, B. G. CoomBe and L. G. PaLEkc

(1974) : Biosynthesis of gibberellins in barley
and dwarf rice seedlings. Aust. J. P1. Physiol.
1:199 — 210.

L EFMEZ - BILEL - AHESE (1967): BUF#RIC

L DKEFHRAEL 4 A4 OFE K, BHE 17:85—90.

Futsunara Y. (1968) : Breeding of a new rice
variety Reimei by gamma-ray irradiation.
Gamma Field Symp. 7:87 —109.

EEE=(1974) i A A DM RERICET LR
BEaurse 1. BH¥ 247%02:68 —69.

GaLg, M. D, C. N. Law, G. A. MarsHaLL and A.
J. WorLanD (1975a) : The genetic control of
gibberellic acid insensitivity and coleoptile
length in a‘dwarf’'wheat. Heredity 34:393 —

399.

) and A. J. WORLAND

(1975b) : The chromosomal location of a major

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

dwarfing gene from Norin 10 in new British

semi - dwarf wheats. Heredity 35 : 417
—421.

— —and G. A. MarsHALL (1976) :
The chromosomal location of Gaei 1 and Rht 1
genes for gibberellin insensitivity and semi-
dwarfism, in a derivative of Norin 10 wheat.
Heredity 37:283 — 289.

Goton.N.(1970) : A comparison of gibberellin-
like substances in germinating cotyledons of
tall and dwarf varieties of Phaseolus vulgaris
L. Plant and Cell Physiol. 11: 355 — 359.

Graesg, J. E., D. H. Bowen and J. MacMmiLLAN
(1972) : The conversion of mevalonic acid into
gibberellin Ai2-aldehyde in a cell-free system
from Cucurbita pepo. Planta (Berl.) 102:261 —
271.

Hansen, A. (1957) : The expression of the gene
dwarf-1 during the development of the seed-
ling shoot in maize. Am. J. Bot. 44:381—390.

Hanson, W. D. (1959) : Early generation analy-
sis of lengths of heterozygous chromosome
segments around a locus held heterozygous
with back-crossing or selfing. Genetics 44 :
833 —837.

Hirata, M. (1966) : Studies on the inheritance
of some quantitative characters in rice by
means of back-crossing. Ph. D. Thesis,
Hokkaido Univ., pp. 126.

HHE R - B A (1972): 4 R B MRS .
3. RRETMOMEIC RITTEREDOEHEFL &
Z ol o4k, B4 225 1:159 — 160.

Hsien, S. C. and S. T. Yen (1965) : Genic analy-
sis in rice VI. Linkage relations of an indu-
ced dwarfness gene, ds2. Bot. Bull. Acad.
Sinica 7:82 — 87.

Hu, C. H. (1973) : Evaluation of breeding semi-
dwarf rice by induced mutation and hybridi-
zation. Euphytica 22:562 — 574.

EHME - AR A1971a): MHEBRE I LB
A R iEsSHT T, Bk 1,2,3,4 ST



46

24.

25.

26.

27.

28.

co

29.

30.

31.

32.

33.

34.

35.

timE L REARSHE  $8E

HESHRE, HHE 21:19 28
EHEMEK - KK (1971b) . MHEEEFEICL 5 A
F BT, 1. $B4K5,6,8,9,10,11, (ox¢
Y 5 EEHEE, URRYEME
Iwara, N. and T. OMura (1976): Studies on the
trisomics in rice plants (Oryza sativa L.). N.
On the possibility of association of three lin-
kage groups with one chromosome. Japan.
J. Genet. 51:135—137.
and (1975) : Studies on the
trisomics in rice plants (Orvza sativa L). 11 .
Relation between trisomics and genetic lin-
kage groups. Japan. J. Breed. 25:363 — 368.
BREIBE T - A5 (1960) : ¥~ L 1) > VMR K

FROFRICRITTHEIC>WT, B 10:204.
EB#E (1972) 1 4 2 DFEMEERF O RBUEEIC
BdaEE, 1. o~V CEEICHT B G E
KR ~NL ) CHEWEDEEIIDWT, kg

M 10:177 — 182.
(1974) : BHRORHE L o788, 11, BH

FROBEE, iR OV T ERT T E Z D&
Mo b, Bit 24:261 — 268.
Katsumi, M., B. O. Puinney, P. R. Jerreries and
C. A. Henrick (1964) :
d-5 and an-1 mutants of maize to some ka-

Growth response of the

urene derivatives. Science 144 :849 — 850.

Kawal, T., H. Sato and 1. MasiMa (1961) : Short
culm mutations in rice induced by P2, In
Effects of Ionizing Radiations on Seeds, IAE
A, Vienna, p.565 — 579.

———and P. Naranar: (1971) : Pattern of
reduction of internode lengths and changes
of some other characters in short-culm mu-
tants in rice. Ind. J. Genet. Plant Breed. 31:
421 —441.

FHHALE - RKTEE - SEEA#PI1975): 2, 3
DA FAEBETBTFORIKARIC DT, BEH25
A2 :208 — 209.

RTRE - SEE A/ - Ak— - Fi855 1974)

SHOENORERI L # DBIE. (RO
MEC RIS B AFE, BLXIER) . dERBEBEE
19:64 — 75.

Kurococnl, S., N.Murorushy, Y. Ora and N.

Takanasni (1978) : Gibberellins and inhibitors

in the rice plant. Agric. Biol. Chem. 42:207
— 208.

25:137— 153.

36.

37.

38.

39.

40.

41.

42.

43.

44.

>

45.

46.

47.

48.

WK BERER - fHEKZ
1. By &AM,
301 — 339.

MorisuiMa, H. and H. I. Oka (1968) : Analysis of
genetic variations in plant type of rice. III.
Variations in general size and allometric pa-

Japan. J. Genet.

(1943) : FFOFE & HIE
KRR EEEE 10

ttern among mutant lines.
43:181 — 189.
and

(1974) : Analysis of
genetic variations in plant type of rice VI.
Intervarietal variations in growth pattern ob-
tained from the International Rice Adaptation
Experiment. Japan. J. Breed. 24 :226 — 236.

BEET-(1975) : FRIC BT 2 EHER TFOWMED
K& ST 5 SmER, BH 257512
210 — 211.

MurakaMmr, Y. (1968) : Gibberellin-like activity of
(—)-kaurene, ( — )-kauren — 19 — ol and (—)-
kauren — 19 — oic acidin leaf sheath elongat-
ion of ‘Tan-ginbozu’ dwarf of Oryza sativa.
Bot. Mag. 81:100 — 102.

(1972) : Dwarfing genes in rice and
their relation to gibberellin biosynthesis. Proc.
the 7th Internat. Conf. Plant Growth Subst.,
Springer-Verlag, Berlin, p.166 — 174.

KA E - KFTE - B (1964) 0 BRIMERRIC
ru~L Y o, B 14:199

Nacao, S. and M. TakauasH! (1963)
struction of twelve linkage groups in Japanese
rice. J. Fac. Agric.,, Hokkaido Univ. 53:73

SN

: Trial con-

— 130.
FlE (1939) 0 RROE(REVREIC T EHE
15:170 — 178.
(1954) : RROREM D FEBLU BT 5 HIZER

FHIFTIE. (5K H
Ocawa, Y. (1965) :
gibberellin-like substances of seeds and seed-

ERACE 4:1— 31

Changes in the content of

lings in the tall and dwarf varieties of Phar-
bitis nil Chois. Bot. Mag. 78: 474 — 480.

Oxa, H. I. and H. MorisuiMa (1968) : Analysis of
genetic variations in plant type of rice. .
General growth rate, oscillating growth and

allometric pattern. Japan. J. Genet. 43: 191
— 201.
i 5 (1955) : BEHCRAIC B )féf 2 OENDE

Zlaov T, HHE 59):3



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

47

g B A A0BERKICET 3 ERFONR

KATE - HHIMK (1972) 1 4 A 0EEE7E, 48,
10, 11 #EEREIC DT, HHE 22511:43 — 44.

PeLTON, J. S. (1964) : Genetic and morphogenetic
studies of angiosperm single-gene dwarfs. Bot.
Rev. 30:479 — 512.

PHiNkEY, B. O.(1956) : Growth response of single-
gene dwarf mutants in maize to gibberellic
acid. Proc. Nat. Acad. Sci. 42:185— 189.

——————————(1961) : Dwarfing genes in Zea
mays and their relation to the gibberellins.
In Plant Growth Regulation, R. E. Klein,
(ed.), lowa State Univ. Press, p. 489 —501

OB R AT (1967): v Y)
>R EDRIRIILES, W olbEFE 279 —
83.

RapLey M. (1970) : Comparison of endogenous
gibberellins and response to applied gibbere-
llin of some dwarf and tall wheat cultivars.
Planta 92:292 — 300.

R LE - RTRED - SfEE4aEM (1973): vEH
NI EIEAHFIRIC & 2RO M. (5
DRHECET B, FLXVHEH) . dLKEH
HCE 8367 — 385.

#sE - (1975) :
R RO TSR RN IS T &R
PRV BN E 2 ARE (FR). (FoR
MECBHT A%, LX) . dbARBHU
o 9:201 —207.

SrecToRr, C. and B. O. PHINNEY (1966) : Gibberellin
production : Genetic control in fungus Gibber-
ella fujikuroi. Science 153:1397 — 1398.

(1968) : Gibberellin
biosynthesis : Genetic studies in Gibberella
Sfujikuroi. Physiol. Plant. 21:127 — 136.

Sucg, H. and Y. Murakawmr (1968) : Occurrence
of a rice mutant deficient in gibberellin-like
substances. Plant and Cell Physiol. 9: 411 —
414.

I
K=

and

(1972) : Effect of uzu (u#z) gene on the
level of endogenous gibberellins in barley.
Japan. J. Genet. 47:423 — 430.

(1978) : The genetic of gibberellin pro-

duction in rice. Japan. J. Genet. 53:199 — 207.

Takanasur, M., T. Kwvosuita and K. Takepa
(1968) : Character expressions and causal ge-
nes of some mutants in rice plant. (Genetical

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

studies on rice plant. X X X III ). J. Fac. Agric.,
Hokkaido Univ. 55:496—512.

G EAEM - EEE (1969): HiE LTI
& B KKERAED B (RRO I 3 2 BF e,
BEXXXVIHKR), LKBAKE 7:32—43.

< RTRER (1974) © 4 KB 43 BERRRR

BT 5B FRE, (FROMICET 2%,
HLIX#H) . dbkBBHE 19:41 —50.

(1977) : HInFFRERE

fhil, 4.4 %, pdl6— 441, HEME{ZEN
ORBEIERNS, W2 G, S35, 0,

EtERET - LA ZER - AUEEE (1950) © KERED
SEE IR S A I BT S AT, 14 . iBE
BT OSSR E F MBS, BEIE
39:57 — 62.

—— MR - FRE - T (1961) ¢ i
BIEFORENEERBEICKIITHE. 1. 5
ZT o %HOEH & BRNE R, BYHFE 49

167 —87.

. . (1975): — - K%
RIZHEC L 5 KEBRICHETAME. 1
BLURFBERFOEEREIC KUTTHE,
ME 25:334 — 342.

(1975) : HEEMIEIC BT % R &R
REDHHE ERFHEICHET L E5E, B 25

1 369 — 372.

KHEMZE - S8 AHM0973): 4 AnBELR
ICET 2 a%E. 1. MERERNE SRR 08
B (Mo BYT 2838, BLIM) HiHE
23:7—14.

———(1974) : MR LN 2 dn BIEIEE
oW EFR L #E (FH). LRRH. 22:
19 — 30.

Tanaka, A., K. Kawano and J. YamacucHi (1966) :
Photosynthesis, respiration and plant type
of the tropical rice plant. IRRI. Tech. Bull.,,

Philippines, 7 : 46.

Tsarl, K. H. and H. I. Oka (1968) : Genetic stud-
ies of yielding capacity and adaptability in

crop plants. 3. Further observations on the
effects of an earliness gene, E, in the genetic
background of rice variety, Taichung 65. Bot.
Bull. Acad. Sinica 9:75— 78.

(1970) : Genetic stud-
ies of yielding capacity and adaptability in

and

crop plants. 4. Effects of an earliness gene,



48 T T R R $38%

m?, in the genetic background of rice variety,
Taichung 65. Bot. Bull. Acad. Sinica 11:16—
— 26.

75. Tsai, K.H.(1976) : Studies on earliness genes in
rice, with special reference to analysis of
isoalleles at the E locus. Japan. J. Genet.

51:115—128.

76. Tsunopa, S. (1959) : A developmental analysis of
yielding ability in varieties of field crops. II .
The assimilation-system of plants as affected

by the form, direction and arrangement of
single leaves. Japan. J. Breed. 9:237 —244.

7. KRG - KRR EE - KAR Q971) 0 EEROER
FHI% S NS EBENM . 1. EERORE

I HEOYREME . JUKBSMEaE 25:119

— 128.

78. ZHBA= (1969) : FHHHOWFEL:RE - Z 0i#E(zR. 5 8 #.
4 M KEBRFBIERE T O MO Bigiz kT
THE, RYME 53:99— 113



HE B A AOBERKCET 2 REFOE 49

Hokkaido Pref. Agric. Exp. Stn., Rep. No.38

GENETICAL STUDIES ON MORPHOGENESIS
IN RICE PLANT

— With Special Reference to Dwarfness —

Noboru SHINBASHI

Summary

Dwarfness is a genetic character which is found in higher plants at a relatively high frequency. In
angiosperm, dwarfness which is governed by a single gene has been discovered in 112 species belonging
to 17 families (PeLTon 1964). To date, a number of studies have been carried out from a stand point of
phenogenetics, developmental and physiological genetics, and they are considered to be worth-while not
only for the elucidation of genic pathway on morphogenesis, but also as a basis for utilizing dwarfness
in practical breeding.

In rice plants, about 50 kinds of dwarf genes were used for genetical studies (Takanasna! and KiNosurta
1974). Quite a few papers on the character expression of dwarf genes are related with the development
of stem internodes. However, the pleiotropic actions of dwarf genes are complicated and have not been
clarified thoroughly. In this study, the author attempted to investigate the genic action through the mor-

phological and physiological traits of the various kinds of dwarf plants.

I. Gene analysis of dwarfness and production of near-isogenic lines

First, it is important to know the mode of inheritance and the location of the genes on the linkage
map as a basis for the study on dwarf genes. In this chapter, the identification of the causal genes and
analyses on newly found dwarfness were carried out. In addition, 21 kinds of near-isogenic lines were
produced by successive backcrossings to the recurrent parent, ‘Shiokari’ which is a leading cultivar in
Hokkaido. Agronomic characters were investigated with the near-isogenic lines.

The results obtained are summarized as follows :

1. Through 75 kinds of cross combinations, the identification of the genes was conducted by pheno-
typic expression of Fi and F: plants. As a result, the equivalences of the genes, in which genic symbols
assigned to the dwarfness following the tabulation quoted from Takanastl and KiNosHITA (1974) are as fol-
lows; ds = di= dis, dis = dis, dis = dos. In addition, an allelic relation was found between dis and dzs

and the gene symbols were revised to di4 and 4§, respectively.
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2. 7 kinds of dwarf genes were newly analyzed as a single recessive gene for the dwarfness
from F; segregations of the afore - mentioned cross combinations. Linkage relations such as dzo-Hg, dio-
bei, lg - (di2)-dn and (ds2)-ds were recognized.

3. 21 kinds of dwarf strains in which a single recessive gene was responsible for each dwarf type,
were crossed with ‘Shiokari’ and backcrossed repeatedly to make isogenic lines. In a preliminary experi-
ment using three kinds of di-type strains four times of backcrossings attained a nearly complete recovery
of the characters except for the effect of &, resembling those of ‘Shiokari’. Thus, 21 kinds of near-
isogenic lines were produced in the genetic background of ‘Shiokari’.

4. Heading date and number of leaves in some of the near-isogenic lines differed significantly from
those of ‘Shiokari’. It is uncertain whether the difference caused by the action of dwarf genes is due to

the lack of the number of backcrossings.

II. Character expression of dwarf genes

In order to elucidate the pleiotropic action of dwarf genes, comparisons of 13 kinds of agronomic
characters were carried out between dwarf and normal types which were segregated in Fz of the crosses
between 22 kinds of dwarf lines and the cultivar, ‘Shiokari’. Besides that, the characteristics of the near-
isogenic lines were compared with those of ‘Shiokari’.

The pleiotropic actions of dwarf genes were considered from the results of both experiments depending
on the resemblance and discordance arising from the difference of genetic backgrounds.

The results obtained are summarized as follows ;

1. Astothe shortening of culms due to the major effect by dwarf genes, all genes inserted their
effects, although the data from the F2 populations and the effects estimated by near-isogenic lines showed
some discordance with the results by dwarf types segregated from F; population.

2. A trial classification was made on the pleiotropic effects of dwarf genes, using the data of normal
types in F» population. Dendrogram which was produced by the cluster analysis of phenotypic correla-
tions (absolute values) indicated that the estimation on location of nine dwarf genes partly clarified the
pleiotropic effects measured by compound characters.

3. There were diverse patterns of internode elongation habits. From the data on the elongation of
first, second and third internodes, major types of d., ds¢ and dm were clarified into 4, 2 and 3 subtypes,
respectively.

4. Pleiotropic effects of dwarf genes were prominent in shape and size of brown rice. They were
classified into 13 groups according to grain length, grain width, grain shape index (length ~width) and
grain size index (length x width).

[I. Structure and functions of dwarf locus

It was already shown in the preceding chapter that the gene for ‘Hosetsu dwarf’ (d,4) is allelic
with the gene for ‘Kotake-tamanishiki’ (2§). In addition, the both dwarf types are highly responsive to
gibberellin treatment(Taxanasni e al. 1974) and it is known that ‘Kotake-tamanishiki’ and “T'anginbozu’

(d3s) produce a defective effect on the process of gibberellin metabolism (Suck ef a/.1968, Murakami1972).
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In this chapter, the genetic relation was examined between both dwarf types in connection with the
physiological traits on gibberellin metabolism to elucidate the function of the genes responsible for the
both dwarf types.

The results obtained are summarized as fllows ;

1. ‘Hosetsu dwarf’ was characterized by the miniature effect more than those of ‘Kotake-tamani-
shiki’, except for the characters of grains and Fi plants of the cross between the both dwarf types resem-
bled the ‘Kotake-tamanishiki’ type.

2. Through the data on F: and F3; segregations, it was indicated that the genes for the both dwarf
types produce the allelic relation in the order of + > dit > di4.

3. In the selection experiment, the effects of &% and di4 shifted towards the same direction under a
similar genetic background although the range of variation differed remarkably between the both genes.

4. There were duplicate genes which exert their effects for di4 and result in the intermediate type
between the both dwarf types. However, these modifying genes indicated their stronger action for d4
than dif, suggesting that they exist in the discrepancy of the reaction norm between both dwarf genes.

5. Seedlings of ‘Hosetsu dwarf’ indicated a prominent response for gibberellin As (GAs) treatme-
nt and differed from other dwarf types and normal testers on this nature.

6. The elongation of the 2nd leaf sheath by the treatment of GAs or GA; was in the order of
‘Hosetsu dwarf’ > ‘Tanginbozu’ > ‘Kotake-tamanishiki’ > ‘Shiokari’, and ‘Shiokari’ was inactive in a
low concentration. In the case of GAiz-aldehyde treatment, “Tanginbozu dwarf’ showed a positive reac-
tion in the concentration of 10 and 20 xg,~0.5m#, while no activity was found in ‘Kotake-tamanishiki’ and
‘Hosetsu dwarf’.

7. The extracts of acidic ethyl acetate fraction obtained from ‘Hosetsu dwarf’ and ‘Kotake-tamani-
shiki’, indicated a similar activity for seedlings of ‘Shiokari’, ‘Hosetsu dwarf’, ‘Kotake-tamanishiki’ and
‘Tanginbozu’.

‘On the other hand, ‘Kotake-tamanishiki’ showed a little higher reaction than ‘Hosetsu dwarf’ when
treated with the extracts from Fi (d%./d,§) and three strains except ‘Tanginbozu’.

8. There is a possibility that both of &% and 4,4 insert their effects at a similar step of gibberellin
metabolism, although their actions differ considerably.

In this study, pleiotropic effects of dwarf genes were realized to a considerable extent using the dwarf
type plants in F; populations and near-isogenic lines. Genic actions of multiple alleles on gibberellin
metabolism contributed to the specificity by dwarf genes.

Generally, various dwarfnesses are worth-while for the elucidation of morphogenesis by their diverse
variations on morphological and physiological characters. This implies that the genetic mechanism on
morphogenesis is responsible for the complicated process to reach the character expression. Thus, it is
important in rice genetics and breeding to elucidate the genic pathway on morphogenesis and to systemati-

ze the gene actions working for the ideal plant type related with high productivity.
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