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Table 1. List of strains used in the
experiments

1) Reduced culm number mutants

Strain Original strain Mutagen
N-133 rcn—-1  A-5 Akamuro Gamma-ray
N-174 Shiokari EMS
N-176 AC-15% Gamma-ray

(H-59 x H-120)

*: Produced from F; hybrid by anther culture.

2) Testers
Strain Marker genes
Shiokari
A-5 Akamuro CBr, A, Pr, Re, Rd, I-Bf +
A-58 Eoku’sho- CB, A, Pr, Pn, Pr, wzx
uto-2
A-133 Norin 9 go
H-69 C, nl-1, f5-1
H-151 C, A, Plw, Hl-1, HI-2, I-PI
H-489 Cl, ri
H-491 ri
H-726 lhs-1, PI
1D-10 (By) d-10
ID-14 (By) d-14
ID-17 (By) d-17 (1)
1D-27 (By) d-27

7 =/~ v RGN RE BT 4 1 0 10 Bro 2Kk 1.5%
D7 = /= VERIT 24 Bl B L LT, BEE Lo
ECRERHZE LI, Yo, BT OE <k IMMERD
DFEREEAE T,

£ B & R

1. 3BEOLHITOERKDISH

BFED DT OBLBERMMITONT, FhFhORE
TH B IEFRRFRM & Feitk & e U7c (Table 3), B
ren—1 NRERSHEYRTZEAHLN TR D, N-133
EFERFED A-BRE L N3 L &K Tl Bz &
A EEIRDH LT, BRI\ TO LR &R
FELWB R sire, Hir o omRAH o N-
174 3 N-133 D & 5 e B i RS 2 (R » B h
7, Bl ARROWE CHERHO [Lism b ) i~
BleP oy RL, BRECOWGTRHEOMICAT

Table 2. List of cross combinations used

Cross combination Cross combination

N-174 X N-133 N-176 X N-133
do. X A-58 do. XN-174
do. X A-133 do. XShiokari

H-491 x N-174 do. XA-5

ID-10x do. do. XA-58

ID-14X do. do. X H-69

ID-17X do. do. XH-151

1D-27X do. do. X H-489

do. XH-726
ID-10X N-176
ID-14X do.
ID-17X do.
ID-27X do.
N-176 X ID-27

Table 3. Character expression of mutants
and original strains under two

locations

Paddy field Plastic house
Strain

CLY  PN® CL PN
A-5 75.4 8.4 79.2 9.6
N-133 36.2%** 2.3%% 73.4 100
Shiokari 72.1 15.6 66.8 13.8
N-174 61.8 6.7+% 67.1 9.8+
AC-15 99.2 11.8 88.3 4.4
N-176 55.2%* 1.9%* 83.2 4.0

1) Culm length, 2) Panicle number.

**  Significantly different from the original

strain at the 1% level.
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Table 4. F, segregation modes in crosses between the two reduced
culm number mutants and testers
Cross F, segregation Goodness of fit
combination Normal Relduced Total 2 (3:1) p
culm no.
N-174 < A-58 Obs. 350 117 467 0.001 >0.95
do. XA-133 do. 97 37 134 0.49 0.40 —0.50
H-491 X N-174 do. 181 64 245 0.16 0.60 —0.70
N-176 X Shiokari do. 273 89 362 0.03 0.80 —0.90
do. XA-5 do. 266 75 341 1.64 0.10 —0.20
do. X A-58 do. 277 85 362 0.45 0.50 —0.60
do. XH-69 do. 154 53 207 0.04 0.80 —0.09
do. XH-151 do. 136 47 183 0.05 0.80 —0.90
do. XH-489 do. 120 45 165 0.45 0.50 —0.60
do. XH-726 do. 87 31 118 0.10 0.70 —0.80

2. 3EOLF T OERKDBREFRE

WDtV O RREE (N-174, N-176) & %
FEOHE R & D Fy (M A~ TRl aR L,
N-174 % F- B I Fo78 4 Fo 4 9 ¢ ik flf 28 10~20
ARBFEOIEFR & 5 ABED N-174 b >R o 21%
AT 3: 1 DT AMEEL 72 (Table 4), 7, N-176 %
—F DI A Fy HENC 3\ TR RS 10 AR
EER & 3ARE TR/ L fed N-1T6 kb 451
WAURT 3: 1 DI HEL 7o, LIchi» T N-174 & X
O N-176 O 40 i3 F AU E R BRI R ) (2 F 25
B LT B 2 EREBNCIE - T,

wic N-174 & N-176 2 hE g 5404500 2 i
EF LB H ST S ren-1 %58 2 12 3 3RIET ]
DI UMERFF - 10, 3 THDRHA T AR LT 3l
OillG (N-174x N-133, N-176 X N-133, N-174 X N-
176) o#% Fritv-Fh b IEEHMAR L0 T, 3oL
SFORC I F R FR B HEEFVES LT B EE
2 bhhi, XL F Bk 5408 AL b s, Wih
3 ERRO L IR T A & A ORI 5 R ML T A 5%
it oo, N-176 X N-133 7¢ 5 0% N-174 X N-176

D Fy EIC kT, IRH B E Do oRlla g 9:7
DI HEL 7o (Table 5), N-174x N-133 o F, #F©
SR LT IE s HAEE AR 4 B L, £ F %
Mo &5 50 A E IR L €, BIMRERT-7c, Fa
RN T T R B T BENC X b, TEERIE
T, TEFHT & Do oMo 311 535, W0 9: 7 5o
3PHCER X o (Table 6), Lichio T, &%5Mule
BB T T < &L T 2 D LB EF
WS A iEnsiZed B fc, N-133, N-174 s L OY N-
176 W3 IL B A B 50 ot (EFAE LT
B ENRW BN E 5o D T, N-174 15 X OV N-176 73
BT A5 OUEETICH LT, ThEh ro-2 %
L ren-8 Te BRIETFERER S 2 5,

B ren-1 & ren-2 B I ren-1 & ren-8 HiA.
WMCEE D S BV ST OWSRIEFTH B Z EHEMFT B
fodh, N-174X N-133 @ F3 Riffid g & I : D o3f
DA 9TV REET B iR Y, RN O IEFE DS
EHIC Fy B A ER Ui, %72, N-176XN-133 © F,
ERICOWTHIEFRRS S Fs R #R L 7o, W Fh
DAL QX TR T, BENER YT LT 52 6

Table 5. F segregations of reduced culm number types in the crosses,
N-176 Xx N-133 and N-174 X N-176
Cross F; segregation Goodness of fit
combination Normal ~ Reduced = py g Ratio 12 p
N-176 x N-133 Obs. 86 62 148 9:7 0.21 0.60—0.70
N-174 x N-176 Obs. 182 132 314 9:7 0.37 0.50—0.60
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Table 6. Segregations of reduced culm number types in Fj lines
derived from normal type plants in Fy population of the
cross, N-174 X N-133
Estimated _Af}1enotype rin F; lines L ,,f,iNO' of F3 lines
genotype () Normal Reduced culm no. Obs. Exp.
+ + + + 1 8 4.56
+ ren-1 + + .
I e 3 1 19 18.22
+ ren-1 4+ ren-2 9 7 14 18.22
Total 41 41.00
Goodness of fit: 2 (1:4:4)=3.62, p=0.1—0.2
Table 7. Combined segregations between rcn-2 and marker genes in
F, populations of the cross between N-174 and A-58
Gene F, segregation Goodness of fit
b Linkage RC.V. A .
phase - .
A:B %) B b B b Total ~ Ratio % p
Pr: rcn-2 Obs. 233 31 31 58 353 9:3:3:1 10192 <0.01
Coup. 19.4+1.6 Cal. 233.83 3092 30.92 57.33 353.00 0.01 <0.99
Ph: ren-2 Obs. 286 61 64 56 467 9:3:3:1 4110 <0.01
Coup. 315+1.38 Cal. 288.28 61.97 61.97 5478 467.00 0.13  0.98-0.99
Pr: Ph Obs. 227 37 36 53 353 9:3:3:1 7409 <0.01
Coup. 23.2+18 Cal. 22855  36.20 36.20 52.05 353.00 0.05 >0.99
Lo, IEEH: N-174 (ren-2) M # foik N-176 (ren-3) 315
M N-133 (ren-1) BId 9:3: 4 70 24580 W 55 %
BB RME B, Lichts T, B ISRERE I A 7R e R
T ren—-1 ki & L ERIX Gl ren-2 B3 LY ren-8
WX U T R a R A B & o T, Ph rr ren-2
ren-2 BEO ren-8 S HEELEET & DM SR Fig. 1. Linkage map of the second linkage

Nfcdk 25, N-174X A-58 o Fy H[ic s\ T, 58 11l
SRR 2 Pr (BAHEG) b P (7= /7 —
BIE) & ren-2 ORI hZHMEE|T 194% IO
31.5% /5 DA ANEIN it (Table 7), L7c2i- T,
ren=2 [ 3E VL JHEERAC B S L, Ph—Pr—rcn-2 75 511
BEEAHEE St (Fig. 1), —3, ren-8 o\ Tk
R AT 12 OB ET £ ofic Tl Jiss
BIGRASTRD DALy, PRSI T X ied o e,
3. HUIFDOHEICEYT 3 EEHBREFHORERER
Bicie D T OMMET ren-2 B L ren=-8 & 45

group showing the loci of Pi, Pr
and ren-2.

DY EEETF d-10, d-14, d-17 (t) 3 L U8 d-27 &L DR
COGRETFHIMILIER 285 L s, N-174 3 X U8 N-176
L ATRO SRR, 1D-10, ID-14, TD-17 % L Ot I1D-27
ML E 2B, Fo e T X CIERM A iR L7,

N-174 £ 1D-10, ID-14 s X 0° 1D-17 D753 Fy 4T
oren-2 LB SBRRET RN T L 2H A E S
B E ORI TE, IEHE: Douol: SERS
9:3: 4 DM HHE LTz, Ls L, N-174X1ID-27 354
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Table 8. Combined segregations between rcn—2 and tillering dwarf
genes in F» populations of the crosses between N-174 and
tillering dwarf genes
Cross Tillering F, segregation Goodness of fit
combination dwarf * d . .
gene +  ren-2 +  ren-2  Total Ratio 72 p

ID-10X N-174 d-10 Obs. 122 39 47 208 9:3:4 069 0.70 ~0.80

ID-14 X N-174 d-14 Obs. 152 50 68 270 do. 0.01 >0.99
ID-17XN-174 d-17(t) Obs. 75 30 37 142 do. 0.79 0.60 -0.70
ID-27 X N-174 d-27 Obs. 87 34 50 11 182 9:3:3:1 971 0.02 -0.05
Cen) BT ren-2 O xR, ren-2 o~5 o, [Eikel
PR o Th B LHGES R (Table 9), LizhinT, LWIFho
21D-27 FESRIET S ron-2 178 L TIREIR DV T LT E
% AL, ZREOWTRELAHEMCER L Tw5 &
P . LRk it N-1T6% )t e T 572 M Fa 4
3 5 W TR ATDERET AL TLL ren-3 1T LT EfL
wf PEATRE I, TEHE: SRR Daiom : 2 figik
WEI2F 9:3:3: 1 DI LT (Table 10), 2 W45

0 25 50 75 100 BB & o b c TR AR L (Fig. 3),
Tiller number L7 o, ren-8 LA ERLFiEd s { & bk m 4
Fig. 2. Correlation between tiller number and TR & RO BCHFCEL TR EZ B L T

culm length in F, population of the
cross, I1D-27 x N-174.

AA TR 1D-27 FRF ¢ 2 AU R BlorhRas &
75 2EANT LRI AFHRA B T &, Wi
SEC A A ML 9:3:3: LS N R DB R
(Table 8, Fig. 2), %7/, ID-14xXN-174 » Fy i ic
YU RE oh s & SE 1 20 SA AR IR L T
Fy i iib, #FBHICTOEHR S0 @IEEFER L, Fs
Fifk T ID-14 o4 FA & UTHE L o2, ke
OWTIE, ID-14 L o A W FUCREL I b D A 165%
i, Fo FEQIEEEBA AL 1o O2% 28 FHiff, 1D-14
LR GCEHCEE L & D1 Rifibofe, F
No0 F RO ET M rhTh d-14 © + = H A%

W7,

] %=

B - LmD i 1793 70 ] ©oF Y < —H0En
D OBOE BRI X ¢ BRRERKYBIELT, M
MIHMEL TSR TH L E X HE L. L, Th
BILLRIFEBLE L CE LW ARG R o foiod, BEE
EFHE LTIEIR TV, HHL0 By < —
WIRCIHEIE L 7D OMRET ron-1 12 T HSHTE
CEEEL TR Y, BEFERETSEERL, BREST
TIHE LW L ERE R, d-2 FiEN),
d-3, d-4, d-5 (GF SR, d-10 M58 L
TERER EfifkA R 1,

Table 9. Segregation of estimated genotypes in Fy population of the
cross, 1D-14 X N-176
F, segregation Goodness of fit
d-14 d-14
+ - +ren-2  ren-2 ren-2 Potal 1 (1:2:1) p
Obs. 11 28 54
Cal. 135 27.0 54.0 0.67 0.70-0.80
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Table 10. Combined segregations between #cn-3 and tillering dwarl genes
in F,; populations of the crosses between N-176 and tillering
dwarf lines
Cross Tillering F» segregation Goodness of fit
dwarf + d

combination gene +  ren-8 T+ ren-3 Total 22(9:3:3:1) P
ID-10X N-176 d-10 Obs. 286 81 82 20 469 5.77 0.10—0.20
ID-14 X N-176 d-14 Obs. 154 49 54 18 275 0.28 0.95—0.98
ID-17X N-176 d-17(t) Obs. 140 56 48 11 255 3.01 0.30—0.40
ID-27 X N-176 d-27 Obs. 96 27 32 11 166 0.68 0.80—0.90
N-176 X ID-27 do. Obs. 133 37 44 19 233 241 0.40—0.50
- S BEOEE, bohM, W, HASO L Y
o Tenm06 BT AR B B IR B U GREETFATE R A3
~1D-10 BTV, APHETRD T OUSRET O ren-2 %
- L ren-8 &Mootk L RIESHOH MEEHT 2
£ SPEUET (d-10, d-14, d-17(t), d-27) & DRITK
£ 4T COMEMEREOWTIRE Uiz, & LTHF
K DHEWS SEBELAT D ron-2 L 45T
D 2 BB O BRI B CREBUTI B R E &
59, BRECOWCTUIMEEET S AL, 325
0 50 100 B U Tl N 78 B AR 2 7R T2 £ 3 B 7k
Tiller number 12, ren-8 KOWTITZERD A & Riic 2=
Fig. 3. Correlation between tiller number and FIFMEDIER b & b, ren-3 & B ERETF LD 2E

culm length in F, population of the
cross, 1D-10x N-176.

AWFIETHEFIL < ABBFC X o ER L 2DL 55
OB RRHE N-174 35 L O0° N-176 i B L CREIZT 0¥
KL ren-1 HIMZACKIMRE LT ek B %
nER ren-1 L3 Ris 2RMAHRET D ren-2 &
L0 ren-3 DS LTH2Z 0B binote, ¥
7o, PRSI LD ren-2 (XEE T HEEATF W HE 5 L,
Ph—Pr—rcn=2 ¢ AR5 532 & 3 o 1o,

ren-2 B X OV ren-8 W X AIWHERBE Y 2 OR L
HTFCHFNI, TAY V= =y 7BRCHBEFRES
e T 5 &, ren-2 &oWTiL ren-1 DX 5 il
ERINIRD BT, ren-8 TIMEREZHAREIN
A, ren=-1 O X 57 LWEBRMLERED bhioh oo,
ren-1, ren-2 kB XX ren-8 [ROMAIFRIC 2T,
{EIR &4 F Tk ren-1 28 ren-2 B X O ren-83 23
UTCEMEERL, Licdi-C, KIREZ R E I
ren=1>ren-8 Ligh, Shbo 3THOSFF 1Rz
FAXEEAL A BT 2720 T, EETFIFAL IR
o TOD I ENMABIE L1,

HEROWEREL LR, EROWTTOWTHED
MY RIETFIERASRS b,

PED X 5 7o FHOMEERE W2 Hhico
T, HEAXERD CEC L VBERNERYH—bT52
EDBECTHH b ot, THITHBEYIERTE
CTERBECELSBETFRAEYRX A, ~F
o REAREIERTH B & LIEiEd OidEM4T T
Who

SOV BT 2 AR LR ST ORI R A
Mo T AL IEETHDEEL NS, B
DG EERLHFFOMTEIL T — & v v OIER £ 48
DOWEA T IR TN D, & —+ v ¥ DREFEDEENET
L BTEFESI RO BN TO BN, 4 2K 0T
L ORENT — 2 v BBEET Vv FA~F v VIT
FEENDB ESHED b 0, DERFEOHTOIED
FEL L A — % v v L B BIR B BT,

AWRGETIR Y oo T D SrF D HERIE T RSO H
FEHPFIUT B\ TEEGEETF & LRI I 20505 B
T, FEOSEELTPLOMBETSLLLC 442D
IR OB A B R A S L T oK
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DF v =~ RN LTR TR LY 5 F o ER R
i N-174 36 L OV N-176 2AER S e, & & Tl ren—1
AT H N-133 L R BERBECHEEET 2 T
DHHEIT - 10

2. N-174 e 50 N-176 i CFRER o it I
Ele o R IEFERIRSE ORIeKH (EHE) & =—wn
7 2 (@i BT TEREROIGEFEE Y i L,
N-1T4 oW THBERIGIE L A ERDHRT, ik
PR TSR L D TR A Ui, N-176 10w T
KBS TOLRBEE Dotk & Bk % 7R
L, EREZHE RD DR,

3. N-174 3 X 08 N-176 i i3 F W ER ren-1 LR
75 D WMMAMRET VS LTk 0, FRFhit ron-2
FILV ren-8 LI, ren—-2 388 11 dgEERC JE
FeL, Ph—Pr—ren-2 OICEE YT 5,

4. D E L KBTS - TL ren-1 H3 ren-2
3 KO ren=3 1R LC LR R L, (SHSE O E
(& ren-1>ren-8 ©H o1,

5 OB L CE T A A BT S B A o i
BT ren-2 BIL O ren-3 E5E5E 5 F 0 d-10, d-
14, d-17(t), d-27 ORWGAF T I BIEETFIIHIL
(ER AT e, ren-2 & A5 BRIETF I TR L
THMBIEHRD B, —05, ren-3 & {5 BIKE
FRICITZER S BRI O THIINOER 2D B t,
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Summary

A mutant having a small number of tillerings
was found in rice (FUTSUHARA and YAMAGUCHI
1963) and named as reduced culm number type. A
similar mutant, N-133 was previously reported to
be controlled by a single recessive gene, ren-1,
belonging to the first linkage group (TAKAMURE
and KINOSHITA 1985). The mutant gene, rcn-71,
was temperature-sensitive and the gene expression
was restricted under low temperature conditions.
In this report, the authors studied two kinds of
new mutants, N-174 and N-176 which are respon-
sible for reduced culm number type. One of
them, N-174, was induced by EMS treatment from
cv. Shiokari and the other mutant, N-176, was
induced by gamma-ray irradiation from AC-15
which is a diploid inbred line regenerated from
F; hybrid, H-59x H-120, by anther culture.

Character expression of N-174 and N-176 were
compared with the corresponding normal strain
under paddy field (low temperature) and plastic
house (high temperature) conditions. N-174 showed
a reduced culm number type under the both con-
ditions. The reduced degrees of culm number in
N-174 was not so striking as those of the first
mutant, N-133. Although N-176 had one or two
panicles (tillers) under paddy field, the growth was
nearly normal when grown in a plastic house. It
was found that N-176 is also low temperature
sensitive as well as N-133,

Genic analyses and allelism tests were carried
out under paddy field conditions. It was demon-
strated that single recessive genes, rcn-2 and ren-3,
which have independent relations with rcn-1, were
responsible for the reduced culm number types of
N-174 and N-176. In the linkage analyses, it was
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found that »cn~-2 linked with the marker genes
belonging to the second linkage group such as Pi
(Phenol staining) and Pr (Purple hull) in the order
of Ph—Pr—rcn-2. In addition, rcn-1 was epistatic
to 7en-2 and ren-3. These results indicated that
the temperature sensitivity of rca-1 is stronger
than that of 7¢n-8. The genic interactions between
ren=2 and tillering dwarf genes (d-10, d-14,d-17(t)
and d-27) showed an additive relation with regard

to the culm numbers, and a similar relation was
recognized for both of culm number and culm
length between rcn-3 and the tillering dwarf
genes. Thus it was demonstrated that the char-
acter expressions of three rcn genes are clearly
different. New mutant genes, rcn-2 and rcn-8,
can be effectively used for genetic markers in

various genetical and physiological studies.



