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Inheritance of Small Grained Dwarfness in Rice
Showing Temperature Sensitivity

Itsuro TAKAMURE and Toshiro KINOSHITA

(Plant Breeding Institute, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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Table 1. List of strains used in this experiment
Strain Marker gene

N-1729 C8 A, wx

AC-85% C5 A, wx

Shiokari A¢

A-58 C® A, Pn, Pr, Ph, wx

C-37 st-5

H-61 d-2, Pn

H-69 fs-1, ni-1

H-75 gh-1, Rc

H-79 d-2, be-1, la, Ig

H-138 C? A¢ d-6, g-1, wx

H-156 C? A, PI”, Hil-a

H-165 C® A, Pl, Hl-a, gl-1

ML-100 Hi-a, yIb(t)

N-133 C®, A, Pr, ren-1, I-Bf*, Rc, Rd

N-174 A¢, ren-2

1) : Dwarf mutant line induced from AC-85.
2) : Doubled haploid line produced by anther
culture from F, (H-59 X H-120).

ve—74-AFRAKEBHELT, Fv=—-FotE
EREH (430 R/day) BT 25, Bt 242
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172) %L, 7238, AC-85BED 5% 2 {24k
L CIERBEE LR GRifis AC-85) 185
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Table 2. F, segregations of small
grained dwarf in the crosses
N-172(heterozygous) X H-79

Goodness of fit
223D P

Cross F, segregation

N Total
0 Normal dwarf

1 127 56 183 3.06 .05—0.1
3 129 39 168 0.29 0.5—0.6
4 97 21 118 3.27 .05—0.1
5 88 27 115 0.14 0.7—0.8
7 136 43 179 0.09 0.7-0.8
9 165 33 198 7.33 <0.01
10 109 40 149 0.27  0.6—0.7
11 99 35 134 0.09 0.7-0.8
13 120 25 145 4.66 .01—.05
15 129 46 175 0.15 0.6—0.7
Total 1199 365 1564 2,31 0.1-0.2

Homogeneity : x?=17.86 0.01<p<0.05.

D 10 £H 3o CIRRBEE TR e R T AR
BEEEsBEL I, BREEO—HTXBLoRENE
LS, HETHbD0 D10, MhEER  FR
Bl 3.1 0kl (Table2), Lo T,
INREEE CHEMSEOBRBETICL D2 AL L
WCigote, ok, KERFRIMNESLBETF 4
-58 (O L&, BETFEEXT-

N-172 & FEEBEFRHOTHF, TRWTh
PEEHERL, F, EHATRH-165 & 0XHEE
BERMEOTRTOEEEE T, EFER
WY 3. 1 othics8 L7 (Table 3),

N-172XN-133 0L # F, BRI EER 2R L,
F, EH@ R TR L B OBMAAR (Fig. Db
ok b, EEH, MNEW, rwon-18b5
FoBMD 3B %58 Ui, /AREME R AR
BTCRETREY R LIDT, Do ofERn
THPMRBEMRBRITE I, DL 572 BEHHR
BAGFOTCEEREE Lo, THhED4ED
HEROBEERE M7 2 BET o X 5 EHHT
(9:3:3: D wHEEL, d-58 () & ren-1 D
BEFHEWGCMNERIZS D, KELETERER
oW THE OB EPFERE L TR oREEY &
U 7 (Table4), * 72, wx & ren-1 ® Bl it i
36. 8% DR Hal C EEHBIR HHRH X e,

d-58 (&) B3+ »EEFH Tk, N-172XH-6°
DTHEEERICB\NT, d-58 () H38 6 BEEH DO
-1 (1T H -1 MR T23.4%, N-172xH-
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Table 3. F, segregations of the dwarf in the crosses between N-172 and several linkage testers

Cross F, segregation Total Goodness of fit
combination + d-58() 23D D
Shiokari X N-172 88 25 113 0.50 0.4—0.5
ML-100 X do. 129 43 172 0.00 >0.99
N-172 X  A-58 79 30 109 0.37 0.5—0.6
do. X C-37 97 33 130 0.01 >0.99
do. X N-174 113 38 151 0.00 >0.99
do. X  H-61 211 75 286 0.23 0.6—0.7
do. X H-69 293 77 370 3.46 .05—0.1
do. X H-75 170 41 211 3.49 .05—0.1
do. X H-138 63 29 92 2.09 0.1-0.2
do. X H-156 85 23 108 0.79 0.3—0.4
do. X H-165 62 52 114 25.84 <0.001
Total 1390 466 1856 0.01 0.9—.95
Homogeneity : x2=36.66 p<0.01.
(om) 156 35 £ O ML-100X N-172 @ 2 BOZ MM & T
120 . . %, Hi-a (ERT) EMH5T20.1%0MBEMEDS -
. -t TENLhBEHEBRMARM S hiz(Table5), #7i,
¥ 6 EMBICETS C (7 o7 v BER), wx
g 80p (RFLEM), 7on-1 O FBEBELT & BT & &
£ ) n=123 ENBHBRER LI, D EOKRSLERED -1
LI F L & Hi-a BoBBMTH % 21.3%" ¥ e bE 5
40{ 36 BN-172
tN—133 - 23.4 -
ls—  21.3* —»I- 20.1 —=
e - v r |
0 5 10 15 20 t T E
Panicle number sl Hia d-58
Fig. 1. Correlation between panicle number Fig. 2. Linkage map of three genes, f5-1,
and plant height in F, population of Hl-a and d-58 in the chromosome 6.
the cross N-172XN-133 under * Calculated by KINOSHITA and
paddy field condition. TAKAHASHI (1968).
Table 4. Combined segregations between d-58, r»cn-1 and
wx in F, population of the cross N-172X N-133
F, segregation ‘
Ger}e Linkage R.C.V.* A a Goodness of fit
pair o Total
A'B phase (%> - 2
] B b B b Ratio X p
d-58 :r7en~1  Rep. Obs. 87 14 14 8** 123 9:3:3:1 11.72 .005—0.01
d-58 : wx Coup. Obs. 78 23 19 3 123 9:3:3:1 4.70 0.10—0.20
ren-1: wx Obs. 77 24 20 2 123 9:3:3:1 5.53 0.10—0.20
. Rep. 36.8+7.7 Cal. 65.65 26.60 26.60 4.15 123.00 4.97 0.10—0.20

* Recombination values calculated by the maximum likelihood method.
** Extreme dwarfness showing reduced culm numbers.
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Table 5. Combined segregations between d~58 and marker genes belonging to the chromosome 6

F, segregation

Marker . Goodness of fit
A P ° A a A a Ratio x? p
N-172 X H-69
fs-1 Obs. 216 77 74 3 370 9:3:3:1 18.96 <0.001
Rep. 23.4%4.9 Cal. 190.08 87.42 87.42 5.08 370.00 7.69 0.05—0.10
(1) N-172xH-156
Hi-a Obs. 78 7 8 10 103 9:3:3:1 23.39 <0.001
Coup. 18.6+4.3 Cal. 68.55 8.70 8.70  17.05 103.00 4.61 0.10—0.20
(2) ML-~100XN-172
Hi-a Obs. 116 13 15 19 163 9:3:3:1 32.09 <0.001
Coup. 21.0£3.7 Cal. 106.96 15.29 15.29 25.46 163.00 2.75 0.40—0.50
(1)+(2)
Hl-a Obs. 194 23 20 29 266 9:3:3:1 54.75 <0.001
Coup. 20.1+2.8 Cal. 175.46 24.04 24.04 42.46 266.00 6.95 0.05—0.10
N-172XN-174
C Rep. 52.8+6.1 Obs. 88 25 21 7 141 9:3:3:1 2.52 0.40—0.50
Pooled data (8 F, populations)
wx Obs. 901 243 285 112 1541 9:3:3:1 11.26 0.01—0.05
Coup. 44.8+1.8 Cal. 887.75 268.00 268.00 117.25 1541.00 3.84 0.20—0.30

* Recombination values calculated by the maximum likelihood method.

L, d-58 (t) 135 6 EEH L © f5-1—HIl-a—d-
58 () OIREFIT 5 L HEEI NS (Fig. 2), L1
Mo, d-58(0) DBEFEIBEHLI-OT, $8
W BEBLTI-58 &5,
2. BERK

N-172 £ AC-85 % ThKHB IO =—1
T ARTEREL, BERUECRITAELOHRE
BRELBRYFig 3Rl o, BHERTILEH
R EEZERRB I o, Lvl, KHE
BECRCTREIAEEL T, £AF1RERRE

® AC-8
801 o N-172
— Paddy field o
. 60 - Plastic house. -0
=
o
2
T 40
=
R
ay
20

1 15 1 15 115

June July August

Fig. 3. Plant growth in AC-85 (normal)
and N-172 (dwarf) in two kinds of
environmental conditions.

T 1y AU RRHEZNH S it e ot T
s N-172 2 AC-85 KR TATBIEL, X
LIZAEBMEL I oOR TREDEZNEN Y, RKH
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N-12 39 A LARESTI 5 HEL, Bo
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Ay FRETE, BRFERCESIECERRET
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BOFERERT, WAL 108 ECREL, &
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X U20CK I \T N-172 38R, b, Ze&R
ek R L%, 73k, N-172 0SBz i3 L6
DEMEIAELEE L, T4, N-1T23EED
RBEBTTGitcdN L e h, AEBRECORE
RephhhhZbhii, —F, E=2—A "7 aARL
CBCROBRBEHETCRETS L, N-1T2 34
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Table 6. Comparison of six characters between AC-85 (normal) and
N-172 (dwarf) in four kinds of environmental conditions

Character Strain nggy Plastic house ZO%rlc))wth cham%)Be% 2
Culm length (cm) o 35 o3 b8 a0
Panicle length (cm) ﬁ}?{%’ 1;% %33 128 %(5)2
No. of panicles ﬁ?i% ;g %g gg gg
Seed fertility (%) ﬁ?i?g 838 2§§ 03 gig
Spikelet length (mm) 1&(_:;?25 ig(?)) g%g Ség ggg
Spikelet width (mm) ACE 512 3.0 350 R

1, 2) Plants were grown under the constant temperature conditions indicated during growth season in

aifferent growth chambers.

N-12xH-69 o F, £M % KB & £ =—n v
AEMBEG T TREL, BESIUVHEOERER
E L1 (Fig. 9, KEEHE T BRIV
50 cm, BRIV T 5.5mm #EIEFEH &
PRI A EBICSETE L, ik, BT
NCREHEERTR LT, —F, E=—t-y 2Ti3h
KigEn oK, Bk, BFRECEFRIE~TS
REnoTod 0D, EFOEENED NI D,

7

Paddy field g , o

/; yn:151 oc 13 &OQ@O C%,‘»C'.O%
Z 6 ¢t °
_a C N < <
5 o« #L
- 5 . ."' *e
% o * " ¢ Normal
i 4 i e 58
w

3 [ ]

0 20 40 60 80 100

Plastic house
6|  n=169

Spikelet length (am)
(92}

0 20 40 60 80 100
Culm length (cm)

Correlations between culm length
and spikelet length in F, popula-
tions of the cross N-172XxXH-69
under two kinds of environmental
conditions.

Fig. 4.
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AHEHE DN .
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Wik /it AC-85 (EH « 2 {546 OBWERE %
T24 N-1R2THEABERLEIED bR
BREFEDOKERSLTATERED 20CKTIEN
-172 BB, R TRe by, £BBBERRL
T LT, BREFEOE = -1 Y ABIVA
IEEEDBCETiE, WwTIhd AC-85 & EHD
NETCETNEEL, ¥Rt tLi, L
Do T, N-172 HEBEHETOLE L\ WEFIMEH
5, Tt AC-85 & N-172 (LEEHE &
BEAEE—EEZLNRB I Epb, N-172 23R
TEEBRZIHIZ -G8 IBEELZOND, ki,
N-172XH-69 D F, £EM&#KH s =—n v 2
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Summary

A temperature-sensitive mutant (line No. N-172)
was segregated in a progeny of AC-85 (a doubled
haploid plant) which arose after gamma irradiation
(430R/day during the growth period) in a gamma
field. In the paddy field, N-172 always showed a
haploid-like feature characterized by dwarfness,
small grain and complete sterility, while a promi-
nent recovery in plant vigor and seed fertility occur-
red under the high temperature condition in a plas-
tic house. Genic analyses were carried out under
paddy field conditions. F; hybrids between N-172
and several linkage testers showed normal plant

type and seed ferility. The segregation ratio of 3
normal: 1 dwarf was satisfied in F, populations
from several crosses. It was shown that a single
recessive gene, d-58 was renponsible for the dwarf-
ness. Further, two kinds of temperature-sensitive
genes, d-58 and rcn-1, showed an independent
relation in the test cross examining allelism. In the
linkage analysis, it was found that 4-58 linked
with fs-1 (fine stripe-1) and Hl-a (hairy leaf)
both belonging to chromosome 6. The order of
three gene loci was estimated as fs-I—Hl-a
—d-58. A couple of sister lines, AC-85 (normal)
and N-172 (dwarf) were grown under four kinds of
environmental conditions, namely paddy field, plas-
tic house and growth chambers, 20C (low) and
28C (high). The small grained dwarfness of N-
172 was modified prominently under high tempera-
ture condition showing a remarkable sensitivity.
Namely plant type and seed fertility nearly recover-
ed to normal in a plastic house and under 28°C
growth chamber conditions. An F, population (N-
172X H-69) was grown in both paddy fields and
plastic house. The segregation of dwarfness
became obscure in a plastic house because of the
restoration of plant vigor. Thus d-58 definitely
has the nature of temperature-sensitivity. Condi-
tional mutants due to d-58 and 7n-1 may be
effectively used for genetical and physiological
studies.



