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Table 1. Characteristics of Shiokari, ID-1 and ID-11 grown in plastic house

Shiokari ID-1 ID-11

Panicle length(cm) 14.1+£1.0 8.1+0.6%% 18.8+4.6%
Internode length(cm)

1st 27.8+2.5 14.7+0.6%% 10.3+5.1%%

2nd 22.9+1.5 0.7+1.6%% 0.2+0.0%*

3rd 14.3+1.8 7.84£0.9%% 6.6+8.2

4th 3.7£1.8 1.8+1.6% 7.6+£3.9%
No. of elongated internodes 4.0=0.0 4.0+0.6 3.84+0.4
No. of primary branches 10.1%£0.9 6.8+1.2%% 8.51+0.5%%
Leaf no. of main culm 11.0£0.0 12.0%0.0 12.8%0.5%%
Days to heading 74.9%0.7 73.8+0.9%* 81.6+1.0%*

%, %% | Significantly different from Shiokari at the 5% and 1% levels, respectively.

Fig.1. Character expression of d1 and dI1.
A : Plant types of Shiokari, ID-11, ID-1 and the double mutant (d1, d11)
(from left to right).
B : Second internodes of ID-1 (left) and ID-11 (right).
C: Spikelets of Shiokari, ID-1 and ID-11 (from left to right).
D : Panicles of Shiokari, ID-1 and ID-11 (from left to right).
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Fig. 2. Leaf blade lengths from 5th to flag leaves
of Shiokari, ID-1, ID-11 and the double
mutant type (d1, d11).
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Fig.3. Variation of panicle and internode lengths in ID-1 (A) and ID-11 (B) grown in plastic house.

S means Shiokari.
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-11 (B) at stage 2.
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Fig.9. Phenotypes of the double mutant (dI,
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a: Ist internode elongation type.
b : Rachis elongation type.
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B : Panicles.



24 AIE R ST

% -3

dm BEMHICHEI NS D-1B8 L ID-11
MMBENRER, % 2 BRI ET R
2 BT 2 MR R0 BEIC & 0 IEE oS RRL
BRI wizolIcl I b B2 b0k, 2k
5 YRR BRE IISHHOSHHBR TLES
Lz, 22T, BTBOMBEIEEL- L2 5,
ID-11 IR TRMEEI LB I TkE
CIEELTEY, d11ZMIEKDOETEZERH
T ERZAT S EE2 b/, ID-1 DIRDFE
Fx L] ERELEWIEDLNT, B
ZBWT dI DERIZEO N o7z, T2, dI
L dl1 D 2 BERATE, BMAIN L 5HIcM
EHEOMBEILARDHH I N TW ez &2 b, dI
& d11 OWEET MBI RIAT 5 22 ) BE DS
bbrEZ LN, UEOFEREIZ, EEROMI
BEFCHEDIB LU DIIZMEEKICERE
TEEERROZ L REMIRET S, i, dI
d11 DEK Y <NV TOBRBTERDEWIIHET
Hotehs, MRV~ BWTh, 52 EHEEK
12 BT d11 D 3 HBEHE R O THIFRE 4954
<, BhiT d11 T % 2 HEUN MRS S &
UHEEBIC B CIMRBEOREIRD LR
B, dl TRREETR o7z, ZDZ Eh b, dl
DB RO ERRIZ AT L VFEEZ L
iz ARV~ T 5 2 BRI O RBLEIR d1
kY d1l TE» - 7255, I NTHBEY L ToE
HAADBEWIZERL TwbEEZ L5,

FBEIE RIZ MR OB WESEE & st oLy
BEE DI L - T, MEA~KERYD AL,
ZFRUCIE L CHgEBRET A Z iz k- TR
5, L»L, MileokzhBEic e 5 Migs:
13, KOBEICH 2 55 720F DIIEHIEE % 7
D7z, MIEAHLERE T 5B OB
BERBEML, KOWDIALZWHICT 54044
PRHBEE S, BAZOMIEEENIZE, =7
2wy gy g k RN R)) - —[H
(e —2—~3% k)u— 2 DA kEmE,
I ANy Tk DRI EOMEREICHET
7 NHhF—, MosEOIKSERESE, X

i ey

E3l%

a7y —xv F-ERBEERIC L 5 MaEE
<) 7 ADKBENERICL > TR B &F 2
LNTWBY, ZOMBEIEKRDET VAL, DI B
U D11 DBERRIC DWW T L T O REME D 2 &
na,

FB1ICDIBLVYDIIBI 7 ANy 2 iR
TORBICEBRL, MBEENMEZGH#T 2 T5E
WEHEZLbNE, A AXATRTTIR4FENL 7 2%
VIUVEBETUHEEINTEYNS, TLI2ED
Mz b AL B E 2 B OBEBRFOGET LI LD
RBRINTWEY, ZNLBERTFORBMEEILE
NENEL > T EHEVREOLNTWE,

%212 DIB LU DIIIZMBA~DKOEY
RAAICES LT B EZ b b, HIAE
FEYTHTHD y-TIP iZKF % > 20
EEFOZLFHREINTEY, BERA~DKD
BY)AACEETEEZLNTWE, YA X
F XF y-TIP BaFORBEHELZREL 2L 2
5, HRLTWIELIENEHBTRIAL B
N, y-TIP nFEHAFAG /2 EERIC BT 5 Mlad:
KRICEBELREZH O EFHELD & - 72,
dl, d11 T3 MERRIIC BT 2 MEEkhHE R
NTWB EHEBEINIZ &S, dIB L4l
T y-TIPORBRLZHAHL T2 Ll
v, BRI ARTRE D & DII SR MER TRIAL T
WBEZENTRBENTD, Yuf XX+ y-TIP
BEIRFORBGEB L —8T 5.

ARET AV BET, VA XF KT oy
TIPEEFiZ e dloo_v ) vz k- T#
NDEBRPRBICHRTEI EVrRESI LT
2, d1 iz ¥~V ) YIERSHENEREREBET TH
LT EDHEINTENY, Z2DldblicArxny
2oy EIETH B Wit y-TIP #ETF RS
PHHI2 N, MBEEROBENEZ 2005 L1
e,

£ 3Ic, EICITERENMEBIC L > T, M
RERH AR 2 DT, MlEEDREIC L - THlg
PERAHIRI S N D WEeEE 2 b b, MREET
I EE L T2 Lo — 2 I~ T L
=20 b5 ADL LI ICKAL, NTEMNICIZTHE
WS, LI ANRY VB EDOBEETDDL I LN



o ERE A RZBYT B 2EBOBERIET (I, d1I) HBERE 25

TEBL9 L [Ry P ARy V] 2825 4E
THRENL EEZ LLTWw3, DI, DII DR
iz k> Tl RE 251282 L, =7
A T U HRIRBNAERA CE LWL I LT
L5006 Lk, F72, MIEEEL Z ok %
EB§THIEICE-TC, 72 izt
faEENMEREICHEL, 20EEIE IV T
— R MBEENNUK SRR, X Nhy—
Iy FHEBBRIEEL TnbEE2LNT
WBEW ZNZ e, DI B L DI IZMED
MBS L, ZoREKICL - T, RENLH
Fadr ADTHES N TV B REEL £ 2 5B,
ID-1 B WID-11 Tk, w4 X+ X+ DIM
BETNA ADRE0 JBETFHESEIRHS L
TWBZEFHEINTWEY, yuf X+ X+
DIM o) loss of function Z2RZERIKTIZIEE &
MR AABLE S 1, HHHROBRRICERLH
E&EDOB-Fa2—7) v EMGBT D TUBLI DB
FHHIS LTI, $72, dim ZEAIIEERTCIX
FOMRRANZRSEET L2 LBEENTY
320, 4 3 DIM #&EFoGmik Lo mEaris D1
BLWDII YR > T8, DI, D114
% DIM BIZFORBL% BEN > MEERNIC EAT
FEHT DL EEZ LNTWBDY, 1% DIM BIZT
DEERIC D TI o> T v, LD -T,
dl, dil1 R TERAR L 4 X DIM BZFHFEH
il & DBURII TR L mA L L, GO T
pA (N

A AR TR TN 7 DI A0 BHER:
PAALTEIETH LY, dIBIUNdIIDE?2
R DMBBRE T, SEMROIAI A+ %
WEET, NMEFFHEIERI NP7, 2D
Z &3, dI B XU d11 HIEMEER T, Mgk
RAPBRP IR B0, Fs EBEL TR
ZHMINRBEEIBIEL TWwazordb L
T\,
ASEDEBRRERD L, dI BE U dII TIX, 82
HELUATLHMRETOREGAO LN &
R, BB TS ngA, &2 EHHDAHER
ETLINCXLT, dI & dllo 2 BERKTIE
FTRCOFE DN MR H 5T, MRS

REI N 2 b, T8 2 Gl TR/
FEOWHIZHEZ 20 I FHTH S, E2HBET
RAOEH L D b MESREEB O LI ES R -
DR vizoic, BREMICHEINHISINS Z & 2¢
EZ2 bbb, F2EMIIEERED L EFHEEEN
DEFEEIICHIE L Tk L Tw b, Z DiHix#k
Ik > TREOMLE v o B TBEE{LR L
5%, ZOLDIIINELELLREVEEZ L
N, ZoOZEFEEERITL»PDEEL 52 %
WISV EEZ 65,

] £

(1) dm BEHICSEEIND A BL U JITZe
K4 oA %R, 52 BRI E
HoMEZIHT 5, 8 2 HEoOMEIHILERM
A S SN AMERTFTORTICL - T,
NEFHMBOTBRITHEI NG DI 2
EDHERE S LT,

(2 dIBIUdIIZE2HERUAOERIZBW
TIHMEBEHEICIEEL WD, F2HMEEREL
MREBEOREFFADH LN, _

(3) ABROMBBE, L, dI11 Mg kn#ETE
T 2 L EEE NI,

@) dlkdllo2EEBERTIETNTOEHHD
EZ MDD BHEI 1, RIS 1
TBY, dl & dl1iZMREEIEEICKL T M
MEERET 5 & E 2 bz,

(5) 5 2 EiRIFSEERRD b EFER R DI
DOEHAICET 5 Z L b, AHERIC R ) fEE
DR ELD 2z, MOERIcH~TdI B &
W di1ic & 2R ESEMADHLEZ 2T 5
<, dm B (28 2 HifIFEMER) TR ENE L&
FACY (A

E i 2

FFRDEATICE ), JLHRERF AT BIRE
By L, B IR IR A YRR SE AT BUR
HANFEE I Ot & B R RSB B AL 2

EELIc3 AR LSS 2THWE, Z2IRELT
BEHnBEEET L,



26

10.

11,

. POHIEAT - B - REFPEIE - EaRER -

LB R F R R

51 B X @k

. KinosHiTA, T.: Report of committee on gene sym-

bolization, nomenclature and linkage groups. Rice
Genetics Newsletter 12 : 9-153. 1995

. MorisHIMA, H. and H.I. OxaA : Analysis of genetic

variations in plant type of rice. lll. Variations in
general size and allometric pattern among mutant
lines. Jap. J. Gentics 43 :181-189. 1968

. EEEAHTTT - RENE - HRRLORIC L 5 K&

BEENER, — Mo HIcBET X X X VIH—
JLRBISTRRE 7 : 44-50. 1969

. TakEeDA, K. : Internode elongation and dwarfism in

some gramineous plants. Gamma Field Symposia
16:1-20. 1977

. BRHBA - ARG - B - AR - JLEEE ok

ARUEMA AR ON S dn HEHNERKE. Bl
47(312) © 228, 1997

. MR A A EIR MR L BERC) JEMRER

DR HIEY 2 BEEER & £ DR, Rk E
Rk 26 - 133-145. 1975

. BREHRA BETFORERRLBE —dn BEFD

T8 & TAA oxidase i& HE—
117, 1977

BH210 2) 1 116-

. MITSUNAGA, S., T. TASHIRO, and J. YAMAGUCHI :

Identification and characterization of gibberelin-
insensitive mutants selected from among dwarf
mutants of rice. Theor. Appl. Genet. 87:705-712.
1994

HRE !
Map-based cloning &% V72 4 % Dwarfl i&{2F
Bigk FHE48(F12) 1 70. 1998

MAaEekawa, M. : Allelism test for the genes respon-
sible for sheathed panicle. Rice Genetics Newsletter
3:62-63. 1986

MAEKAWA, M. : Character expression and interac-

12,

13.

14,

15.

16.

17.

18.

19.

20.

#3315

tions of genes controlling upper internode lengths in
rice. SABRAO J. 23(1):1-13. 1991

RUTGER, J.N. and H.L. CARNAHANN:A fourth
genetic element to facilitate hybrid cereal produc-
tion — a recessive tall in rice. Crop Sct. 21 : 373-376.
1981

MEE= - ERSER KRB ORFZBL ZN2
W, @265 E L OHORERE L ZNERR Y
BERBEBORH. BEEWES., B 1956
COSGROVE, D.J.:Plant cell enlargement and the
action of expansins. Bioassays 18 :533-540. 1996
SHCHERBAN, T.Y., J. Sui, D.H. Duracuko, M.].
GUILTINAN, S.J. MAQEEN-MASON, M. SHIEH and D.
J. CosGROVE : Molecular cloning and sequence anal-
ysis of expansins — A highly conserved, multigene
family of proteins that mediate cell wall extension
in plants. Pro. Natl. Acad. Sci. USA 92 :9245-9249.
1995

CHO, H.-T., and H. KENDE : Expression of expansin
genes is correlated with growth in deepwater rice.
Plant cell 9:1661-1671. 1997a

CHo, H.-T., and H. KENDE : Expansins in deepwater
rice internodes. Plant Physiol. 113 : 1137-1143. 1997b
Lupevip, D., H. HorTE, E. HIMELBLAU, and M.]J.
CHRISPEELS : The expression pattern of the tono-
plast in Avrabidopsis
thaliana is correlated with cell enlargement. Plant
Phsiol. 100 : 1633-1639. 1992

FH - &AL T - WHIHE - BBFRE - hRERER -
4 & DIM (diminuto) #Ez T DN, Bit 4705
2) 1106, 1997

TakauasHi, T., A. GascH, N. NisHIZAWA and
N-H. CHuA : The DIMINUTO gene of Avrabidopsis
is involved in regulating cell elongation. Genes Dev.
9:97-107. 1995

intrinsic protein y-TIP



Res. Bull. Univ. Farm Hokkaido Univ. 31 : 13~27 (1999) 27

Character Expression of Two Kinds of Dwarf Genes (Daikoku Dwarf
(d1) and Norin 28 Dwarf (d11)) in Rice

Hironobu HAYASHI* and Itsuro TAKAMURE
(Plant Breeding Institute, Faculty of Agriculture, Hokkaido University, Sapporo

060-8589, Japan, *Present adress : Takii Plant Breeding & Experiment Station,
Takii Seed Co., Ltd. Kohseicho, Kohka-gun Shiga, 520-3231, Japan)
(Recieved February 9, 1999)

Summary

In rice, about 60 dwarf genes have been reported and characterized. Takahashi & Takeda (1969)
and Takeda (1977) revealed that by taking the internode ratio as an index, dwarfism could be classified
into five basic types: dn, dm, d6, nl and shp. In this study, we investigated character expressions of two
genes, dl and d11, which were included in the dm type. The dm type was characterized by the
noticeably shortened second internode. A normal type cultivar, Shiokari, and two near isogenic lines,
ID-1 and ID-11 having d1 and d11, respectively, were used.

Cytohistological comparison on second internodes suggested that abnormal cell developments of
ID-1 and ID-11 at the early differential stage of the second internode induced inhibition of intercalary
meristem formation and inhibition of second internode elongation. Although first, third and fourth
internodes of ID-1 and ID-11 elongated, their abnormal cell developments were observed like to be
second internodes. Cytohistological observation on seminal roots showed that 411 suppressed the
process of cell enlargement. In the double mutant (d1, d11) segregated in F, population of the cross,
ID-1XID-11, inhibitions of intercalary meristem differentiation and elongation of all internodes were
observed. This phenotype indicated that additive effects on inhibition of cell development were
between dI and d11. In this study, we could not determine why inhibition of elongation was observed
at only the second internode. . The stage of second internode differentiation was synchronized with the
phase change from vegetative to reproductive growth. It was supposed that endogeneous change at the
phase change of growth affected the cell development of the second internode in ID-1 and ID-11.
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