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Genic Analyses of Reduced Culm Number Mutants
Induced by Gamma-Ray Irradiation in Rice
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Hokkaido University, Sapporo 060, Japan)
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Table 1. List of strains used

a) Reduced culm number type strains
Strain Origin Source Marker genes Temsréflrs?tt;‘gﬁ;
N-185 Shiokari Gamma-ray —
N-186 do. do. —
N-187 do. do. -
N-133 A-5 Akamuro do. ren-1, C¥, A, Py, Re, Rd, I-Bf* ++
N-174 Shiokari EMS ren-2 +
N-175 AC-33* Gamma-ray ren-4, CP, A, nl-1 ++
N-176 AC-15** do. ren-3, C%, A, Hl-a ++

* Doubled \haploids produced from F, hybrid (A-5XH-69) by anther culture.
** Doubled haploids produced from F; hybrid (H-59XH-120) by anther culture.
++ [ High, =+ :Low.

D —  Unknown,

Table 2. List of the cross combinations used

b) Testers
Strain Marker genes
A-58 C8 A, Pr, Pn, wx
AC-17 C® A¢
H-79 1g, bc-1, d-2, 1la
H-165 CE% A, Pn, Hl-a, gl-1
H-339 C1
H-504 dl

Cross combination Generation
N-185 X Shiokari F,
do. X  A-58 do.
do. X H-79 do.
do. X H-165 do.
do. X H-339 do.
do. X H-504 do.
~  do. X N-133 do.
do. X N-174 do.
do. X N-175 do.
do. X N-176 do.
do. X N-186 do.
N-186 X Shiokari do.
do. X A-58 do.
do. X N-133 do.
do. X N-175 do.
do. X N-176 do.
N-187 X Shiokari do.
do. X H-75 do.
do. X N-133 do.
do. X AC-17 do.
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BEEPHR LI, EES S cHBEREZAEL, B3
%, 0 EoBEYE (B, Bk, B, —HB&EET
&, TR, —KEER —REER BE W
g, FFEE) »FEELL, AECRLEEOTR
B IUCTEHERA, R, WECO-T 1 EFY
h5RToOR<frm A —2— 2k b 0.1 mm BfL
TRE L CEHELER L,

. £BH&EHR

A. 3EOIHBIFH>ROER

1. N-185%

FRHE TLEhd ] HACEMBOEERRKED
THOF, BEITXCEFRYRL, F, REF
B N-185 oL S o8 % 3 1 Dhie T 5
BEnghh ot (Table3), Licaio T, N-1850
VT oM BEHEEREFSBEEL Tk, 2
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Table 3. F, segregations of new reduced culm number types

F, segregation

Goodness of fit

Cross combination Total
Normal ren* x2(3:1) p
N-185 X Shiokari Obs. 185 73 258 1.49 0.30—0.20
do. X A-58 Obs. 154 95 249 22.97 <.001
do. X H-165 Obs. 186 62 248 0.00 >.995
do. X H-79 Obs. 198 46 244 4.92 0.05—0.01
do. X H-339 Obs. 190 68 258 0.25 0.70—0.60
do. X H-504 Obs. 227 86 313 1.02 0.40—0.30
N-186 X Shiokari Obs. 200 56 256 1.33 0.30—0.20
do. X A-58 Obs. 212 89 301 3.35 (.10—0.05
N-187 X Shiokari Obs. 272 53 325 13.10 <.001
do. X H-75 Obs. 257 64 321 4.39 0.05—.025
do. X AC-17 Obs. 110 30 140 0.95 0.50—0.40

* reduced culm number type.

oo BEFRAELr RALGTORKETHL
F.EG&ZVWTh EER Ly, F, TREFE .
PoaFok 9 TolEL DT, N-185 B 5
FoBEFE ren-1, ren-2, ren-3, rven-4 &
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7z (Table5), A4 >R % @FIIc4: U7 N-185X
ASBDF, BT ron-5MECRux B £D
RI-CHSTHED X2 S 1% KETEE & 7t - 7= (Table
6)o 7r3, C & wx DB SO FME
17.5% (H5) oMBME»EH I i, EHK,
ren-5) BB BET B ren-1 & ORI

30.4% (HR) of#EMinBEH I hic, = Off,
ren-5() 3% tk6 o Hl-a, B 43D gl-1,
be-1, di, Retathkdmlg, d-2, Bk 7 D Rc,
LK1l Dla DB T ThIBIEFRERL
2o

2. N-186 & .

N-186 ~TL¥s2: b | R A-58 #5304 L7z F, fEk
BT_CER#E &L, F, TWHIEFH  N-186 &
PHRFORIEI 1 DI HEE LT, Licdis T,
N-186 A 5 iF o 2 EMAUHREFHEETS

(Table 3),

N-186 ~ N-133, N-176, N-175, ¥ X O'N-
185 2% L F, HERXFTXTEEE*RL, F,
T, EHER ST EIRIE9 7T Do
L7 (Table 4), L7aisT, N-186 B4 4o

Table 4. Allelism tests between different reduced culm number types

F, segregation

Goodness of fit

Cross combination Total
Normal ren x2(9:7) p
N-185 X N-133 Obs. 113 103 216 1.36 0.30—0.20
do. X N-174 Obs. 126 114 240 1.37 0.30—0.20
do. X N-175 Obs. 192 122 314 3.06 0.10—0.05
do. X N-176 Obs. 201 107 308 10.16 .005—.001
N-186 X N-133 Obs. 128 96 224 0.07 0.80—0.70
do. X N-175 Obs. 181 122 303 1.50 0.30—0.20
do. X N-176 Obs. 191 118 309 3.88 0.20—0.10
N-185 X N-186 Obs. 171 106 277 - 3.38 0.10—0.05
N-187 X N-133 Obs. 155 92 247 4.24 0.05—.025
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Table 5.
crosses between N-185 and testers

Cosegregations between 7cn-5(t) and marker genes in F, populations from the

F, segregation
A

Goodness of fit

Gepe e Linksge RV L. N R
B b B b Ratio x? p
N-185 X H-339
Cl 2 ren-5(t) Coup. 48.6+4.6 149 52 41 16 258 9:3:3:1 1.50 0.70—0.60
N-185 X A-58
C®  :ux Coup. 143 46 54 1 244 9:3:3:1 15.05 .005—.001
L o 17.5+6.2 123.86 59.14 59.14 1.86 244.00 6.72 0.10—0.05
N-185 X H-165
C®  : ren-5() Coup. 169 29 17 33 248 9:3:3:1 51.30 <.001
' 21.8+3.0 161.95 24.05 24.05 37.95 248.00 4.04 0.30—0.20
Hi-a : ren-5@) Coup. 54.6x5.0 129 47 57 15 248 9:3:3:1 3.18 0.40—0.30
gl-1 : ren-5() Rep. 47.6+£4.9 148 51 38 11 248 9:3:3:1 3.81 0.30—0.20
N-185 X H-79
lg : ven-5(t) Rep. 49.1+5.6 94 32 44 14 184 9:3:3:1 4,21 0.30—0.20
bc-1 : ren-5(t) Rep. 52.8xt5.4 107 34 31 12 184 9:3:3:1 0.50 0.95—0.90
d-2 : ren-5(t) Rep. 58.7£5.0 112 32 26 14 184 9:3:3:1 3.52 0.40—0.30
la : 7en-5) Rep. 60.7+4.8 111 30 27 16 184 9:3:3:1 4.52 0.30—0.20
N-185 X H-504
di : ren-5() Rep. 50.2%+4.2 180 65 57 21 323 9:3:3:1 0.58 0.95—0.90
N-185 X N-123
Rc . ren-51@) Coup. 55.0+8.3 37 40 18 10 105 27:21:9:7 2.99 0.40—0.30
ren-1: ren-5(t) Rep. 113 103 216 9:7 1.36 0.30—0.20
30.4£22.7 112.99 103.01 216.00 0.00 >.995
Table 6. x?2 tests of independence between C or Do
wx and ren-5(t) 3. N-187#!
+  #n-5) Total x* for independence N-187 ~ TUx2b |, H-75 % AC-17 % # L
C ” " 102 7o Fy BEESTRTEREE 2y, F, CREFH !
" 12 45 57 52 190+ N-87TH#H A G T o3 E3 1DHESEL K
Total 154 95 249 (Table3), L7=23» T, N-187 El V4 iF >z ik
w0 s B RET 2 B5T 5,
wr 84 7 91 12,345+ N-~187 & N-133 (ven-1) & OZHEF, BEIIER
Total 198 47 245 BEmRL, F, TRIEER 5 FoR %397

** Significant at the 1% level.

EBEF B ren-1, ren-3, ren-4 8 L Wren-501)
LMY BRI D B R B VST OBETTH 5,
HESWORER (Table D) BYREES O ni-1,
HEE6 D C, wx, H-a, P77 D Rc & D
TRCTROIMYBARICS -, i, Jfafhd
D Pr EABUBRERLIOT, Kz Pr & H#§H
THIEVbholoren-2 LRBERDEELLR

DHEHTBE LT, LicdsT, N-187TH A H5F>
BETFE ron-1 L3RBT &bt (Table
1),

B0 E#HERT L 0BEBERTIREHETD
Re B X U%eE6D C & OB TIIMIIBEFRYR
L, 36 CrBEHETD ron-1 8L W ren-5 &
LEEARIZTHEHABRD (Table 8),

B. $ LW T OBRHORERIE
N-185, N-186, N-187, N-174 & X 0¥ [L &7
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Table 7. Cosegregations between the reduced culm number gene from N-186 and marker
genes in F, populations from the crosses between N-186 and testers

F, segregation
A 2

Goodness of fit

Genel pair  Linkage R. gl A% a Total
AP phase o B b B b Rato  x? p
N-186 X A-58
C® : ren(t) Coup. 49.5+4.3 160 67 52 22 301 9:3:3:1 3.38 0.40—0.30
Pr  : 7en(t) Coup. 53.3£5.2 117 52 43 15 227 9:3:3:1 3.04 0.40—0.30
Pn  : ren(t) Coup. 48.5+4.9 106 44 54 23 227 9:3:3:1 12.28 0.01—.005
wx : ren(t) Rep. 167 59 44 8 278 9:3:3:1 7.9 0.05—.025
41.2+4.9 150.80 57.70 57.70 11.80 278.00 6.25 0.20—0.10
N-186 X N-133
Re  : 7en(t) Coup. 52.6x5.6 97 67 29 18 211 27:21:9:7 1.92 0.60—0.50
N-186 X N-175
nl-1: ren(t) Rep. 56.6+£5.9 142 90 39 32 303 27:21:9:7 2.81 0.60—0.50
C* : yen(t) Coup. 56.8+5.1 130 86 53 27 296 27:21:9:7 5.49 0.20—0.10
N-186 X N-176
Hi-a: ren(t) Coup. 52.8+4.6 140 89 51 29 309 27:21:9:7 4.22 0.30—0.20
C? : ren(t) Coup. 54.44+4.8 143 92 48 26 309 27:21:9:7 4.37 0.30—0.20
Table 8. Cosegregations between the reduced culm number gene from N-187 and marker
genes in F, populations from the crosses between N-187 and testers
Gene pair Linkage R.C. V F segregatlona Total Goodness of fit
A phase (%)
b B b Ratio x? p
N-187 X AC-17
C? : yen(t) Coup. 48.2+6.2 89 24 21 6 140 9:3:3:1 3.44 0.40—0.30
N-187 X N-133
Rc  : ren(t) Coup. 130 61 30 16 237 27:21:9:7 16.76 <.001
46.91+4.7 101.40 76.35 31.91 27.34 237.00 15.97 .005—.001

bl RKEEE= - Y XD 2BOEELEMNCH
L, &RMOBELHE L (Table 9,

FAHF TSRO N-185 (MEE &4 D KA TRE
LW iforiRlL, RERLE G-, BESE
B =~y AT R X CBREIRRHD
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KoL CHER LM TRl ©, WIEEEL
iz Tl ] ToEL LI,
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Bl ote, TBE, BE, —BEIEEKS
WD, MEHTIHRERHEO Lishbh L hFREI
BAL, BERG NI, BIREHT, KR

TR TLEID] ERERBETH 1208, &
BEFTIRRPREE L o7,

N-187 REBLHFTEL Lo To2RL, *
RERE Y, BREETIER [Lishh | BECE
TEE L, #E, —HERER, SFRzovTik
TRESME 312 N-186 L ABRECHAXFR L7
BFREXTLE2 D IX VI FBEEL ot K
KIZDWLTIEN-185  N-186 & Ffkic, KRGt
TRERMCENTER &Y, TLEHD] XD
PR U, SRR EAKII Lishy ]
AT B d L oo, BRE&HTCREAL
DEENKE o7,
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Table 9. Comparison of agronomic characters between four reduced culm number lines and
the original starin ’ Shiokari’ under low and high temperature conditions

Cropping condition

Character Strain
Paddy field” Plastic house?
Culm length (cm) Shiokari 68.7 63.3
N-174 56.0** 64.8
N-185 57.1** 61.8
N-186 42 2%+ 44.3**
N-187 49.1** 55.9
Panicle length (cm) Shiokari 16.9 14.7
N-174 14.5 15.1
N-185 14.1 14.9
N-186 12.5%* 10.6**
N-187 12.9** 12.3**
Panicle number Shiokari 19.1 23.2
N-174 4.3** 16.2**
N-185 3.9** 24.7
N-186 2.8%* 7.2%*
N-187 3.4** 21.2
Number of spikelets per panicle Shiokarti 146.1 80.7
N-174 94.0 109.6**
N-185 82.5** 71.6*
N-186 59.6%* 39,9*=
N-187 61.7** 47 .8**
Seed fertility (%) Shiokari 83.7 94.6
N-174 78.3 94.9
N-185 73.4 72.7**
N-186 76.9 77.5*
N-187 44.1** 66.2**
Number of primary branches Shiokari 12.1 7.9
N-174 7.8 8.2
N-185 7.7* 7.2
N-186, 6.2** 4.4**
N-187 7.3 5.4**
Number of secondary branches Shiokari 24.2 12.7
N-174 16.4 20.5**
N-185 ' 16.9* 12.0
N-186 8.9** 4.9**
N-187 8.5%* 7.5%*
Spikelet length (mm) Shiokari 5.46 5.59
N-174 5.48 5.55
N-185 5.64** 5.51
N-186 5.63* 5.41**
N-187 5.79** 5.53
Spikelet width (mm) Shiokari 3.48 3.48
N-174 3.43 3.53
N-185 3.23** 3.21**
N-186 3.39 3.29*
. N-187 3.31** 3.36**
Days to heading (days) Shiokari 100.7 87.9
N-174 97.8* 88.1
N-185 103.5 90.7*
N-186 97.5 77.2**
N-187 94 .5* 73.0**

*, **; Significant differences from ‘Shiokari’ at the 5% and 1% levels, respectively.
D Low temperature, ? High temperature.
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Summary

Futsuhara and Yamaguchi (1963) reported in-
duced mutants showing reduced culm number in
rice. Following this, four kinds of similar mutants,
N-133, N-174, N-176 and N-175, were also found

and it was revealed that these were caused by sin-
gle recessive genes, »cn-1, ren-2, ren-3 and ren-4
(Takamure and Kinoshita 1985, Takamure et al.
1989). In addition, three of the genes, ren-1, ren-
3 and rcn-4, were found to be thermosensitive and
their expression was restricted only under low tem-
perature conditions.

In this paper, the authors used three new
mutants, N-185, N-186 and N-187 all showing
reduced culm number, for gene analyses. These
mutants were induced by gamma-ray irradiation
from cv. Shiokari. It was indicated that single
recessive genes were responsible for the reduced
culm number in N-185, N-186 and N-187. Allelism
tests showed that the mutant gene from N-185,
designated as 7cn~5(t), occupied a different locus
from ren-1, ren-2 ren-3 and ren-4. The locus of
gene from N-186 was different from »cn-1, rcen-3,
ren-4 and rem-5(t). In the linkage analyses, it
was found that ren-5(t) linked with C
(Chromogen for anthocyanin coloration) belonging
to chromosome 6.

Character expressions of N-185, N-186 and N-187
were compared with the original strain under paddy
field (low temperature) and plastic house (high
temperature) conditions. Both N-185 and N-187
showed reduced culm numbers and short culms only
under the paddy field condition. In contrast to this,
the growth was restored to nearly normal under the
plastic house condition. It was concluded that N-
185 and N-187 were sensitive to low temperature.
In the case of N-186, no difference was observed
between the low and high temperature conditions.



