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Table 1. List of male sterile mutant lines used

Line Treatment Pedigree Gene* Reference
MS-1 G20 343-2-2 ms-21 (t) HiIRAIWA et al., 1980
MS- 2 G30 273-1-1 ms-22 (t) HIRAIWA et al., 1980
MS- 3 G30 395-2-1 ms-23 (t) HIRAIWA et al., 1980
MS-4 G20 138-3-4 ms-24 (t) HIrRAIWA et al., 1980
MS- 5 G30 37-2-2 ms-25 (t) HIRAIWA et al., 1980
MS- 6 G30 219-1-1 ms-26 (t) HIRAIWA et al., 1980
MS-7 G30 232-3-1 ms-27 (t) Hiraiwa et al., 1980
MS- 8 G30 405-2-2 ms-28 (t) HIRAIWA et al., 1980
MS-9 G20 153-1-2 ms-29 (t) HIRAIWA et al., 1980
MS-10 G30 290-1-3 ms-30 (t) HIRAIWA et al., 1980
MS-11 EI2 54-2 ms-31 (t) HIRAIWA et al., 1980
MS-12 EI2 73-2 ms-32 (t) HIRAIWA et al., 1980
MS-13 EI2 76-4 ms-33 (t) HirAIWA et al., 1980
MS-14 EI2 133-1 ms-34 (t) HiIrRAIWA et al., 1980
MS-15 EI2 136-1 ms-20 (t) HirAIWA et al., 1980
MS-16 EI2 176-3 ms-35 (t) HirRAIWA et al., 1980
MS-17 EI2 273-1 ms-36 (t) HIRAIWA et al., 1980
MS-18 EI2 366-2 ms-37 (t) HIRAIWA et al., 1980
MS-19 EI2 338-3 ms-38 (t) HIRAIWA et al., 1980
MS-20 EI2 363-1 ms-39 (t) HIRAIWA et al., 1980
MS-21 EI2 418-3 ms-40 (t) HIRAIWA et al., 1980
MS-22 El4 12-1 ms~41 (t) HIRAIWA et al., 1980
MS-23 El4 169-2 ms—42 (t) HIRAIWA et al., 1980
MS-24 El4 181-1 ms—43 (t) HIRAIWA et al., 1980
MS-25 El4 240-3 ms~44 (t) HIrAIWA et al., 1980
MS-26 El4 270-2 ms-45 (t) HIRAIWA et al., 1980
MS-27 EI2 347-88-20 ms-18 (t) FUJIMAKI et al., 1977
MS-28 G20 56-160-31 ms-19 (t) FUJIMAKI et al., 1977
MS-29 G20 491-203-54 ms-20 (t) FunMaxki et al., 1977

Note: G20 and G30 : Irradiated with 20kR and 30kR gamma ray of ©° Co, respectively.
EI2 and El4 : Treated with 0.2 and 0.49% solutions of ethylene-imine, respectively.
* Gene symbols are tentatively named (FujmMakl and HIrRaiwA 1986).
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Table 2. Seed fertility of male sterile mutant lines

Selfing Crossing
No. of . No. of No. of s
Line fertile N(.)l'( Olf " Fe(rgll;ty fertile spikelets Fe(r(;l)lty

seeds SpIkelets % seeds emasculated 0
A-136 219 235 93.2 - - -
MS-1 0 286 0.0 128 132 97.0
MS- 2 0 291 0.0 126 139 90.7
MS- 3 0 236 0.0 80 130 61.5
MS- 4 0 274 0.0 6l 119 51.3
MS- 5 0 378 0.0 57 121 47.1
MS- 6 0 238 0.0 126 131 96.2
MS- 7 0 328 0.0 115 120 95.8
MS- 8 14 228 6.1 114 118 96.6
MS- 9 0 324 0.0 82 158 51.9
MS-10 7 242 2.9 101 116 87.1
MS-11 0 277 0.0 114 119 95.8
MS-12 5 288 1.7 121 131 92.4
MS-13 0 333 0.0 100 103 97.1
MS-14 10 365 2.7 140 147 95.2
MS-15 0 316 0.0 64 107 59.8
MS-16 0 250 0.0 93 131 71.0
MS-17 0 241 0.0 104 114 91.2
MS-18 6 243 2.5 116 121 95.9
MS-19 0 366 0.0 149 150 99.3
MS-20 3 294 1.0 95 108 88.0
MS-21 69 285 24.2 111 119 93.3
MS-22 0 298 0.0 120 128 93.8
MS-23 26 267 9.8 87 104 83.7
MS-24 0 271 0.0 100 114 87.7
MS-25 0 299 0.0 106 130 81.5
MS-26 0 415 0.0 122 129 94.6
MS-27 0 374 0.0 87 106 82.1
MS-28 0 295 0.0 98 107 91.6
MS-29 0 323 0.0 56 93 57.0
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Table 3. Seed and pollen fertilities of F, plants be-
tween male sterile mutant lines and A-133

Cross Pollen Seed
combination fertility (%) fertility (%)
MS- 1XA-133 95.7 90.6
MS- 2Xdo. 97.0 95.8
MS- 3xdo. 95.9 97.5
MS- 4Xdo. 97.4 98.5
MS- 5Xdo. 96.1 96.1
MS- 6xdo. 96.8 96.6
MS- 7Xdo. 96.2 94.3
MS- 8xdo. 94.6 94.3
MS- 9Xdo. 90.2 90.0
MS-10 X do. 95.5 95.1
MS-11 % do. 95.3 97.0
MS-12 % do. 96.2 98.4
MS-13X%do. 96.8 96.5
MS-14 X do. 96.6 93.6
MS-15Xdo. 96.0 96.0
MS-16 X do. 95.4 97.9
MS-17 X do. 95.9 95.7
MS-18 X do. 96.2 95.1
MS-19 X do. 94.3 96.3
MS-20 % do. 95.8 94.6
MS-21 X do. 93.2 95.9
MS-22 Xdo. 95.5 97.9
MS-23 % do. 92.0 96.8
MS-24 X do. 96.6 98.5
MS-25 X% do. 94.3 93.4
MS-26 X do. 95.7 96.1
MS-27 % do. 95.0 97.9
MS-28 % do. 94.9 98.2
MS-29 X do. 914 98.1
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Table 4. Segregation of fertile and sterile plants in the F, populations from the crosses between male sterile
mutant lines and A-133

Cross No. of No. of No. of x? value
combination fertile sterile total = -eeoeemeeeeeoeenoeeoieeoes T T
plants plants plants @:1 (15:1) 9:7

MS- 1XA-133 104 23 127 3.215

MS- 2Xdo 73 25 98 0.014

MS- 3Xdo 116 33 149 0.647

MS- 4Xxdo 77 31 108 0.790

MS- 5Xdo 90 26 116 0.414

MS- 6Xdo 98 28 126 0.519

MS- 7Xdo 185 29 214 14.960% % x 19.470% % *

MS- 8Xdo 30 37 117 2.738

MS- 9Xdo 30 25 105 0.079

MS-10Xdo 197 21 218 27.456 % * % 4258 *

MS-11Xdo 103 33 136 0.039

MS-12Xdo 92 19 111 3.679

MS-13Xdo 103 31 134 0.249

MS-14Xdo 98 39 137 0.878

MS-15Xdo 92 25 117 0.823

MS-16Xdo 103 47 150 3.209

MS-17Xdo 91 38 129 1.367

MS-18 X do 94 41 135 2.077

MS-19Xdo 241 20 261 41.840% * % 0.889

MS-20Xdo 148 49 197 0.002

MS-21Xdo 143 48 191 0.002

MS-22 X do 137 62 199 4.022 % 12.826 % * *

MS-23Xdo 206 41 247 9.297 * * 45.150 % * *

MS-24Xdo 90 44 134 4,388 % 6.436 %

MS-25X%do 100 33 133 0.003

MS-26 X do 91 36 127 0.759

MS-27X%do 107 31 138 0.473

MS-28xdo ~ 110 25 135 3.025

MS-29X%do 97 35 132 0.162

%, % %, % % *%: Significant at the 5%, 1% and 0.19 levels, respectively.

MS-19 BELZHMT3 1 1 %% 2BETHIM  CxYyFYEFERRLTHLNLF, £EROSH
@& L, F, c X 2REBRL—BL L, RREHEL T2, B - FEORBRRR L AR
B PR i), FEERIUMBOBETRRK  BEREHNS L, 29 %05 5 22 /O F, TR

Table 5, Segregation of fertile and sterile plants in the five kinds of B, populations {(male sterile mutantsX F,
(male sterile mutants X A-133)}

No. of No. of No. of x° value
Sggf‘tjinati on fertile sterile total = e
plants plants plants (1:1) 3:1)
MS- 7X(MS- 7XA-133) 27 25 52 0.077
MS-10 X (MS-10X A-133) 41 28 69 2.449
MS-19 X (MS-19X% A-133) 24 12 36 4.000 * 1.333
MS-23 X (MS-23x A-133) 22 21 43 0.023
MS-24 X (MS-24 X A-133) 28 24 52 0.308

% : Siginificant at the 5% level.
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Cehh, MS-7, MS-10, MS-19, MS-23 @ 4 %
HBThole IDSBEFERTIEIMS-194815: 1
D 2 BETROMSEIICEE L. b 3 RMIIT
BEEBS O O BEETC & 508 icES
Llero 72 R8T, B TETII MS-3, £ERT
1 MS-22 £ MS-24 ThH Y, ZhEHOEERIRIT
By, MEBCEBL T 2RHRAhE»-
72
REBOBRLEE - THEOFER L, HMTRR
HO% L BE—DEHMREF LV TN S
BENBLE o, TDL D RE—DHERET
&Y HEERRELRET AL, chETedE
BOWED B 529738409, KEBCBLTE, F
2%, 3 1 OBBEFSEELCHESLEVWEE6
FEAs BN, TDI B, MS-7, MS-23, MS-24
B, ORI F, DR B0, SHOBBET
IDFRENTHB I E2FFL T, £ REBRT
2, MS-19 oW TOF, 8XU B, OSEEERR,
Wb MS-19 OFERREZEED 2BOER
BEFOEMIZLBZEER L, LdSoT,
MS-19 i22W»TiZ, B - FEORR NS L,
TREE D HIRH BEE T & 2 5 O RF S &
DBNTH- T2 ETIR—ELU 285, SO W
TREZIERE 25T, Bl TREEY R
BT % I TOWE T, HETRESEEEE
FOXI %21 5 FlIHED v, & LR g,
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TRERERRFK EERBL ORHEDF, TR 3
1 OEBETFHESRU M, JE702 L 0F, T
F45:19 kv SBETFOMS T 20 L 2D,
Fs BB T ZORNBEr DRI L %
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HETOBETRRHRCHETZZ LI, wihd
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BHEETRIM T TR b HEEREEEETC
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BHSBEL 72e UTehto T, BR3HERERRHKD
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BARBBEGTFE2EL TV REARTIENTES
(Fig. 1),

722 L, FREENSHET MR IHEHEEFOM
Bl W REZZ0T, XERTE, 1Z#HEED
EEREE 10 BB EE U, Z0%E, THRMAE
231 S HBE L 2 wiEER L, Rk | RieEE
K11 THERE0.0I%UTERD, 3 1ThHNh
X 5.63% AT TH 2,29 R DL 72 0 2B
406 HER LEE I 5, HERYIE I MS-15 &
MS-29 BE—DOBBLEFEFL TS Ik, 2FHK
MS-4 & MS-9 BSR—DEEFERHL TV E I L8
HEAL 72DC, ZhoDRMIzOVTE, ZOBD
EBTE, WTher—HFOREEH VB I L LT,
F72, 1 ORMES I D>V T, HERE LT
2o BB, MS-4BX U MS-9 CEET 5 MES
HEHRZHEHESEO UWHEEE DV TIE, 10
BERBETHREL 2, Lds> T, FZEBRTIZEE 385
HERICOWLIRREEE2 T 2 0BF2OHES

B LUV Fig. 2 10R LTz, KR 2 EH T 385 MG
B OHEEND S 5, 365 HEY TEAREED L

Male sterile line A Normal line
(ms-a ms-a) x | (Ms-a Ms-a)
Sterile Fertile
Male sterile tester X F,
(ms-x ms-x) x (Ms-a ms-a)
Sterile Fertile

Segregation of fertility in
progenies of test crosses

1) ms-a=ms-x
(Ms-a ms-a) (ms-a ms-a)
1 Fertile: 1 Sterile
2) ms-a# ms-x
(Ms-a Ms-a Ms-x ms-x) (Ms-a ms-a Ms-x ms-x
1 Fertile: 1 Fertile

= . L.
1T-o7 Fig. 1. Scheme of the genic identification between
I HRIEF, BLUB, LEETH 2, male sterile mutant lines by using the tester
line, Male sterile X. If ms-a is equivarent to
ms-x, the segregation of Fertile : Sterile =
3) MRCHEER 1: 1 should be demonstrated. No segrega-
29 R DL 0 SR % Table 6a, b, ¢ tions occurrred, suggesting ms-a+ ms-x.
MM N X MM MW KM MK K KM M M H N M H NN KKK NMNN
) S $ S 5 S S S S S S S § S S S S S S S S S S S S S S S 8§ S
Line I O O O S (N T A N A [ N A N Y B B
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
¥S- 1 - % x 0000 *x 00 000 * -000 %0 O% 000 * 00O
MS- 2 O -0 0 * *x *x OO0 * OO0 * -0 * *x x *x % * OO0 00 O0O0
MS- 3 O - « FOx * — x % O * * - 0 *x * O %« O *%x O0O0 * OFTO
HS- 4 * kx O ~ O * O"*x A *x x % *x x — O % % - %x x x 00O O *x O 0 O
MS- 5 k k O %k ~ % O * % x OO %x *x — O * % % x % kx x O O *x & O O
HS- 6 ¥ 0 00 0 -0 *x OO0 O"x OO - 00000 OO A000O0O0O0
MS- 7 ¥ O O Q%% * - ¥ — O * * x * - 0 Q% O O * OO0 00O O0O0
MS- 8 000000 --0 0000 -00000 * 000 Aa0O0O0OO0
HS- 9 ¥ % - AQ *k - - - - - - - - - 0 - - % * OO - A0 * O -0
MS-10 ¥ O Q0O 0% * - - OO0 0O- 000 * O * * x OO0 0O0O0O0
HS-11 * 0O 00O OO0 * -« - 000 -0x* 0% * %= %* 0O00O0O0O0O0
MS-12 ¥ x *x O *x OO0 * - O ¥ - 0% - 000 * * ¥ OO0 0O0OO0O0O0O0
HS-13 * ¥ O O 000 * - O % *x — ¥ — 00 *x OO0 00O a0 %x O0O0
MS-14 Q0000 * 0 *x - %x *%* O0~--00000 O0O00CO0OO0OO0OAO0
HS-15 e e S ST
HS-16 *k ok ok ok ok ok ok ok ok k ok sk k Kk — — ok >k Kk k % *x % Ok *k O x O
HS-17 * 0000 * O"* - x O *x x * — 0 - % xO A& % 00 0O0O0O0O0
Hs-18 ¥ OO0 00 % O * - *x % *%x O*x —00-00 « x O00O0O0O0
HS-19 OO0 % ~0 % * ¥ 00 00 * *x —000-0 000000000
MS-20 ¥ O 0O 0O 0 *x O *x O &0 * x —Q *x x *x - O A *x OO00O0O0 a
Ms-21 ¥ "% O 0O % * O *x O OO0 * * — O *x O * * - * OO0 O0OO0O0O0O0
Hs-22 OO0 000 * 0% *x0O0 Ox* *x x —00O0%* * 0-0000O0O00O0
MS-23 *O*AVO***—O****—A*AV*A**—OO*OOO
MS-24 * ok ok ok ok ok Kk ok ok ok ok k * x — OV %k ok k k% k *k k — %k x O * O
HS-25 k ok ok %k ok ok ok ok k k ok k% kx x — O * % % O * *x ¥ O - ¥ O * O
NS-26 O * OO0 O * *x #* O * % *x O*x — O % x * ¥ % x O0O0 -0 O
MS-27 % % ok ok ok ok ok ok ok ok sk ok ok ok — ok ok sk ok ok ok ok ok ok ok ok - % O
MS-28 % 0k OV % %k ok ok ok — ok Kk k ok k — A * % % *x * % * O O OO0 - %
NS-29 ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k k % x x OO -

Fig. 2. Diallel crossings for the identification of 29 single genes derived from
O Fertile plants only, A Segregating, fertile vs. sterile, ®* Data of the

male sterile mutant lines.
reciprocal cross is missing,

V Demonstrate that the results of reciprocal crossings are equivalent.
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BHEI N, FD D5 20 HEB B W TRRERD
HERA LN, TREERDOALSNIHASE 2D
ML T Table TicRL 72, %86, MS-4xXMS-9 &
MS-9X MS-4 1AK% O, MHEE OufaE
e Tk E 2 ZhEEt L TRBITRL 2,
MS-4 £ MS-9 8 & ' MS-15 ¥ MS-29 O T & #
HAES TR, URREKREFREEEL D 1OFET
E U7z, BE>T, MS-4 &£ MS-9 8 & T MS-15 &
MS-29 3 Zh ZhEA—OHEETRRBETFE2ET 3
Z EBbiro o, D 16 HEY T, FREMEGKIZL
Thy 1EEThH-72, ThoDH B, MS-23 12F8
THHEAEV6HBGRERDZE L, KT MS-20
M AHEEE, MS-24 X MS-28 23 2 {H&R T, B&D

BIRTIEEETHo . D16 HEV IR SN
TR EEE, RESREL» S BRI, WE
R CHETRBE RO OO L b &
ClflifEe 3250 d, BOBENERICL > T
Cle BTt e Lz ons, SHEETHEA
ENB DL S EFEEOFEE DWW T ik B
TH 55, MS-23 % MS-24 1B 3 RgHER T
ol Z B, IheOMETERTC X, i
EFEBEERREONCTREET I RASLOE
ADBFEL TS HRENE 2 5N b,
AEERERED S 29 RO HMETREBRER KD
3%, 21 R TRENFREVICER ZBEFICE
DIHEMTERPELC S Z LS Lo Tz, MS-15

Table 6-a. Identification of single ms genes involved in male sterile mutant lines : Diallel crossings among male
sterile mutants
Line MS*-1  MS-2 MS-3 MS-4 MS-5 MS-6 MS-7 MS-8 MS-9 MS-10
F.S* F:S F:S F:S F:S F:S F:S F:S F:S F:S

MS- 1 - K KX* * 15:0 15:0 15:0 15:0 * 15:0 16:0
MS-2 14:0 - 15:0% 16:0 14:0 * * * 8:0 16:0
MS-3 17:0 6:0% - * 14:0% 14:0% * * - *
MS- 4 * * 13:0 - 12:0 * 4:0% * 4:1% *
MS- 5 * * 14:0% * - * 10: 0 * * *
MS- 6 * 15:0 16:0% 19:0 12:0 - 15:0 * 16:0 10:0%
MS- 7 * 10:0 20:0 9:0% * * - * - 19:0
MS-8 16:0 15:0 16:0 16:0 19:0 14:0 13:0 - - 15:0
MS- 9 * * - 5:8% 9:0 * - - - -
MS-10 * * 16:0 10:0 12:0 15:0% * * - -
MS-11 * 23:0 14:0 16:0 15:0% 15:0% 15:0 * - *
MS-12 * * * 21:0 * 16:0 20:0 * - 13:0%
MS-13 * * 14:0 18:0 16:0 16:0% 16:0 * - 16:0
MS-14 16:0 20:0 20:0 14:0 16:0 * 15:0 * ~ *
MS-15 - - - - - - - - - -
MS-16 * * * * * * * * * *
MS-17 * 15:0 17:0 13:0 20:0 * 12: 0% * - *
MS-18 * 13:0 16:0 16:0 16:0 * 13:0 * - *
MS-19  14:0 23:0 * - 14:0 * * * 16:0 15:0
MS-20 * 13:0 14:0 13:0 14:0 * 14:0 * 14:0 *
MS-21 * 16:0% * 16:0 14:0 * ] 12:0 * 14:0
MS-22  16:0 15:0 16:0 15:0 14:0 * 16:0 * * 19:0
MS-23 * 11:0 * 14:1% 15:0 * * * - 19:0
MS-24 * * * * * * * * * *
MS-25 * * * * % %k * * * *
MS-26 14:0 * 13:0 14:0 13:0 * * * 14:0 *
MS-27 * * * * * * * * * *
MS-28 * * 12:0% * * * * * - *
MS-29 * * * * * * * * * *

*

>
*EE g

: No. of fertile plants.
: Reciprocal crosses.

MS: Male parent is F, from the cross of male sterile mutant X A-133.
S: No. of sterile plants.
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Table 6-b. Identification of single ms genes involved in male sterile mutant lines : Diallel crossings among male

sterile mutants

Line MS-11 MS-12 MS-13 MS-14 MS-15 MS-16 MS-17 MS-18 MS-19 MS-20
F:s* F:S F:S F:S F: F:S F:S F:S F:S F:S
MS-1 13:0 13:0 13:0 * 14:0 16:0 14:0 * 12:0
MS- 2 *** 16:0 20:0 * 16:0 * * * *
MS- 3 % 14:0 * * 13:0 * * 13:0 *
MS- 4 * * * * 16:0 * * - *
MS-5 6:0% 13:0 * * 11:0 * * * *
MS-6 16:0x% * 13:0% 23:0 16:0 18:0 14:0 22:0 15:0
MS- 7 * * * * 15:0 13:0% * 13:0 *
MS-8 16:0 16:0 14:0 14:0 16:0 16:0 15:0 16:0 15:0
MS- 9 - - - - 14:0 - * *
MS-10 13:0 14:0% * 22:0 10:0 11:0 21:0 * 16:0
MS-11 - 14:0 17:0 14:0 15:0 * 16:0 * *
MS-12 * - 15:0 * 12:0 16:0 14:0 * *
MS-13 * * - * 10:0 15:0 * 16:0 16:0
MS-14 * 16:0 16:0 - 16:0 15:0 16:0 13:0 12:0
MS-15 - - - - - - - - -
MS-16 * * * * - * *
MS-17 14:0 * * * 13:0 * * 16:0
MS-18 * * 13:0 * 15:0 13:0 - 14:0% 16:0
MS-19 15:0 14:0 * * 14:0 15:0 7:0% - 12:0
MS-20 13:1 15:0 * * " 15:0 * * *
MS-21 16:0 15:0 * * 15:0% * 15:0 * *
MS-22 16:0 * % * 12:0 14:0 17:0 * *
MS-23 * * * * 43:1 * 15:1% * 15:1
MS-24 * * * * 11:0% * * * *
MS-25 * * * * 15:0 * * * 13:0%
MS-26 * * 15:0 * 14:0 * * * *
MS-27 * * * * * * * * *
MS-28 * * * * 14:1 * * * *
MS-29 * * * * * * * * *

*  MS: Male parent is F, from the cross of male sterile mutant X A-133.

** F : No. of fertile plants. S: No. of sterile plants.

*** % : Reciprocal crosses.

EMS-29 o TiE—OBETRRERETEEL
TN, B - FEVICI->THIHRESH
TEY, ZOERICBLT HEBOEREEIES
Nl 41 2 EBVOTINE TRERE SN HEERER
BEFIE ms-1~ms-18 £ THY, ms-1, 7, 8,
9, 10, 14, 17, 18 oW TiZ, FhThE6,
¥3, BT, F6, B9, H5, B2, FlLEaHK
WSR2 2 LSS DI IR T W BY, RERIZ
OB ERSTMEIIRREYR 2 27 HOMBETRE
BETF L FEROBETREET & OBIfRIE, BED
EIARETHD. B TED IR, KEERCHL
NI REEE T LT, ms-18~ms-45
DIRBFR BT L 7eds, REEER» Sz MS-4

EMSORHEUHSEARRELRZFTHL 2 b
Mol 2T, RAHEMAT L, MS-27, MS-28,
MS-29 X2z nhZt, ms-19, ms-20, ms-21 L7z
D, MS-1»5MS-8 £ TiY, #hFhms-22 5
ms-29 L7 5, MS-9 iZMS-4 L F—Dms-25 &
b, [EkEIC, MS-29 ¥ MS-15 XEl—0Dms-20 &
e D MS-10~MS-26 $ TOESRXENETH
ms-30~ms-45 L T 5 ODOBHEYIE Bbh 5,
42T, BCHSROEETRIEGTOI#HE xR
TwBY, SEROBEEEENT 2 2 LB8FHIsH
3, HETIE, BECEEEFREETOBEN
FIASEAIZE 2 TWBZ NS, X DERZHEE
TIBLTOER L BRERFRITeb b 2 &
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Table 6-c. Identification of single ms genes involved in male sterile mutant lines : Diallel crossings among male
sterile mutants
Line MS-21 MS-22  MS-23  MS-24 MS-25  MS-26 MS-27 MS-28  MS-29
F.S* F:S F:S F:S F:S F:S F:S F:S F:S
MS-1 14:0 * 16:0 16:0 16:0 * 32:0 31:0 14:0
MS-2 16:0%** * * 17:0 16:0 15:0 31:0 14:0 15:0
MS-3 15:0 * 10:0 16:0 13:0 * 22:0 6:0% 16:0
MS- 4 * * 8:0% 12:0 16:0 * 23:0 20:0 16:0
MS- 5 * * * 13:0 15:0 * 14:1 11:0 16:0
MS-6 15:0 15:0 13:1 15:0 14:0 16:0 32:0 25:0 16:0
MS-7 15:0 * 16:0 11:0 16:0 13:0 15:0 14:0 32:0
MS- 8 * 17:0 14:0 16:0 20:1 15:0 16:0 15:0 30:0
MS-9 12:0 13:0 - 21:1 10:0 * 7:0 - 23:0
MS-10 * * * 15:0 13:0 15:0 14:0 15:0 32:0
MS-11 * * 15:0 16:0 15:0 17:0 32:0 31:0 14:0
MS-12 * 13:0 15:0 14:0 16:0 15:0 25:0 15:0 19:0
MS-13 20:0 15:0 15:0 13:1 13:0 * 32:0 30:0 16:0
MS-14 16:0 18:0 20:0 15:0 16: 0 16:0 16:0 14:1 32:0
MS-15 - - - - - - - - 11:10
MS-16 * * 14:0% * * 16:0 * 15:0
MS-17 20:1 * 16:0 15:0 15:0 15:0 32:0 25:0 15:0
MS-18 * * 15:0% 16:0 15:0 16:0 16:0 16:0 30:0
MS-19 16:0 14:0 16:0 13:0 14:0 13:0 16:0 15:0 32:0
MS-20 16:0 21:1% * 15:0 6:0% 15:0 14:0 16:0 30:1
MS-21 - * 15:0 21:0 13:0 14:0 15:0 16:0 32:0
MS-22 14:0 - 35:0 13:0 13:0 10:0 31:0 14:0 14:0
MS-23 * * - 16:0 16:0 * 15:0 14:0 32:0
MS-24 * * * - * 14:0 * 32:0
MS-25 * * * 14:0 - * 24:0 * 26:0
MS-26 * * 14:0 16:0 15: 0 - 31:0 28:0% 12:0
MS-27 * * * * * * - 31:0
MS-28 * * * 15:0 16:0 15:0% 31:0 - *
MS-29 * * % * * * 31:0 32:0 -

*

*» R

* ok % *

: No. of fertile plants.
: Reciprocal crosses.

BEHETH 3 . F R 3 BETFORISER,
Ak, BHOBEGET L ORBMEBRCLVEET S Z

EDEE LW, TRTCOERRTHETCOMEERZH
BEL OB EFHE2ETLOT, 7, HOBR
PREHOBENHERECLIOVRSLT, T
2 RMETOPBEFOREERITS OWEY &F 2
s5hd,

Kaurt? iz & v, #BEEFEEETRROEET
BFrUEaasTid60, b bT55 A4 ALFT
BHEINTE, WROERLIEMZESE R
22805, fRARBWVWTY, WFhbyEnay
WSS 5 & 5%, & OBEETREETFSELEH
ENBTHAD,

MS: Male parent is F, from the cross of male sterile mutant X A-133.
S: No.of sterile plants.

6. IURKIAVEDL) REBUTEHOHRFEE LHD
i

1) EBORB

Table 1 L D, HEETRRMFC 1T, BRETTRELT
EREFAROHET 2R MBEENLT WL L
WiRdhiz, 22T, BEMARRKOIVFEIY
bV (I-KI) etk o HEsEE = HoREME
PREEL

2) MEB I UHE
I-KIgtEfep oHEEIZ, 7o—XFr Ry
t ATEREE S N TEETRRRTE O 2 @RI on T,
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Table 7. List of crossings between different male
sterile plants

No. of No. of x?

CCross‘ ti fertile sterile value
ombinatton plants plants (1:1)
MS- 4XMS- 9 4 1 1.800
MS- 9XMS- 4 5 8 0.692
Total 9 9 0.000
MS- 5XMS-27 14 1 11.267 % % *
MS- 6 XMS-23 13 1 10.286% *
MS- 8XMS-25 20 1 17.190% * *
MS- 9XMS-24 21 1 18.1823% * *
MS-13 XMS-24 13 1 10.286% *
MS-14 X MS-28 14 1 11.267% * %
MS-15 X MS-29 11 10 0.048
MS-17 X MS-21 20 1 17.190% * *
MS-20xXMS-11 13 1  10.286 % *
MS-20 xXMS-22 21 1 18.182% 3k *
MS-20 X MS-29 30 1 27.1293% % %
MS-23 X MS- 4 14 1 11.267% % *
MS-23xXMS-16 43 1 40.091 % * =*
MS-23 X MS-18 15 1 12.250% * *
MS-23 X MS-20 15 1 12.250% % *
MS-23 X MS-29 31 1  28.125% * *
MS-28 X MS-16 14 1 11.267 % * *

¥, % % % % %: Significant at the 5%, 1% and
0.1% levels, respectively.

FLLT, BoE 1EFEOSE 4 FEFENRL, &%
Wb 6F/HELULET|/EL N, Ju—XFr 2y

F DBESRER, FREERTH S, FHroWmDH
L1t % 1—KI Tt l, REP TR BRENL
ek (Platela) 2HEMLH E LT, £FHEK
DT 400 BB PRE L, RFEAEHIICNT 2
PEMTERORES TR L, B8, KEBIZHW:
I-KI%®iE, 3vE2.0g Ivka Y v405g
FHEEK 100 ml 123 U TIERR L 72,

W, HE, HEB L UHOAREORE S,
BENTEE L EERRREEA V., ERK L
DHEEBROELERNL, PR EEEME
IDHFEEL, BB, HOABEHICOWTIE, BHE
Bl s ReatitRoR S RKIC OV TIRHA
EFEEES AV,

3) BRLEZE

BEERRRFICE T 5 [-KI$E®IEHOH
B % Table 8 12, %R L#IE% Table 91z, %
OHEAMDOFEERR % Table 10 (TR 72,

ERERILUTOLISCE DNz,

()29 R0 > B, 10 REOFH P R34
A ohizhol, IRMTIR, HROTLRIZE
LW SIS 5Tz, 10 REOB TIRIEE R &
REEOLSROEHVBEENT,

QR A SN 19 RFED I B, 12RKTIR
[-KI #fapftky (PlateIb) »EEI Rz, 20
5%, MS-8 & MS-25 T et o HEERE
{, EEMEEKLERETH 72, MS-21 T, K
SOHENELLERD, 0%25 8% TOER
BHONTz, D 9 R TIIHREIED 5 72,
OBIERRBASTEY Th 2 HORREETH T,
tEIEEL, NNITER L - EEEH (Plate 1
c) 8% dpo Tz, LB OB BEE I W H T
RS, BHECHEL TROHLEL, 20%<l
ML TRYeE (PlateId) Tholzo LdL,
TR DWW 3% 5 7z MS-6 & MS-10 Tz
HIERNER S iz, MS-10 O 2 EIE T 10 B2
rogenitnrBEI R, ZORKTE, %
BEL G ERRVER S, EFIGEWERREOH
3T, FRIEFIKEDS Iz,

(4) 29 RFEDOFHREDFIZ 1.55mm TH - Tz A-
136 @ 1.80 mm & Y RWHEFORH X, MS-18,
MS-24, MS-25, MS-29 D 4 R T, boL b E
Do T BT MS-25 ¥ MS-18 0 1.82mm TH o
770 D 25 FfEiX A-136 & DED - 7248, 1.5 mm
UELISOmmUTOF2ET2RHE8b L%
, 1TRETHo7, 1.5 mm KPORSEIT 8 /it
Hotds, MS-3&MS-220%1x1.0mmBFT
Ho e

29 B DOHIEDO ¥ 12 0.337 mm THo 7z, A-
136 @ 0.43 mm & DRAWER 2 FF 0 R/H 1T, MS-7,
MS-8, MS-18, MS-25 O 4 % T, MS-8 & MS-
25 TREPH G ENT T, REREER T,
o> 25 B A-136 X DAL, o v v DR
MS-22 ®0.21mm TH- 7z,

MS-18 & MS-25 iZHR LR & biz, A-136
LIV BWEERL T,

MS-2, MS-3 8 XU MS-22 0%iX, /NUITH 3
Ik, ML TEHL Ty (PlateIlh),
(BF DOZBE, BHEBEFRES AL NI 8 RHf
(Table 2) # &t 10 R CEEI N, 205 b,
MS-25 DEEAMIRELEHE TH 72, L L, Jfh
HETER D IS 90% LA D MS-8 DZBHR 111K
, T.9%ThH-otzo MS-211311.1% T, MS-8 X
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Table 8. Pollen stainability with I-KI in male sterile mutant lines

No. of N(.)' of No. of No. of Stainable
. . spikelets .
Line spikelets . stainable pollens pollens
observed having pollens examined (%)
no pollen o
A-136 3 0 791 841 94.1
MS-1 8 8 - - -
MS- 2 9 9 - - -
MS- 3 9 9 - - -
MS- 4 6 0 0 589 * 0.0
MS- 5 6 0 1 645 % 0.2
MS- 6 6 2 0 145 % 0.0
MS- 7 6 0 19 2480 0.8
MS- 8 8 0 3301 3584 92.1
MS- 9 6 0 0 139 % 0.0
MS-10 6 0 38 533 % 7.1
MS-11 6 6 - - -
MS-12 6 4 0 54 * 0.0
MS-13 6 6 - - -
MS-14 6 0 0 393 % 0.0
MS-15 6 0 59 2588 2.3
MS-16 7 7 - - -
MS-17 6 6 - - -
MS-18 6 0 341 2713 12.6
MS-19 6 0 424 2818 15.0
MS-20 6 3 0 52 % 0.0
MS-21 11 0 1172 4285 27.4% %
MS-22 7 7 - - -
MS-23 7 0 120 3025 4.0
MS-24 7 0 161 2941 55
MS-25 6 0 1922 2022 95.1
MS-26 7 3 0 992 % 0.0
MS-27 6 6 - - -
MS-28 6 6 - - -
MS-29 6 0 7 2442 0.3

* : The total number of pollen grains decreased prominently.
% *: Stainable pollens of 11 spikelets were varied ranging from 0% to 85%.

DEWETH S N, MORKEOHEFRRED - 72,
EIEHEETRRRFOKEE, &KL aaBHck
BEhiz. L, HERH»SHEHE TOERI
HERTHY, BEOTHATH 2 REAELTTH
bE LA s0T, B—EETY, EREINLELK
£oT, BR2%AERTRKLD- 12,

(MFE LB OBRE S L, THNEOERR
Fik A-136 LEBRICHEET, HELEFIFZZELHo
T2o IO OEEHCIRAMTEHOHELROF
REELD TR, BEAFPHBRLAWRKELS
ntwiz, 3hbb, TEHNESEELER, Jf
HIROSERCEFRE L, BOKERL, 18R

DHBNBVHIZEHREART, NETHo T, TE
PREROBYBBEEINLRMOBEDOS  BEEE
T, BELIHEOFHE L2 RTRENS o 1203,
Bt X 0ERESAL R,

U EoBgRHER e SRR BT 2 OBRBICE
T E TR R S B E L T,

A D IEERE (Plate II b)

MS-25
B : #EELEE (Plate Il ¢, d)
MS-7 MS-8 MS-15

MS-18 MS-19 MS-21
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Table 9. Anther length and width of male sterile mutant lines

No. of No. of Anther Anther
Line spikelets anthers length S.D. width S.D.
observed examined (mm) (mm)
A-136 4 24 1.80 0.120 0.43 0.025
MS-1 8 48 1.34 0.121 0.25 0.042
MS- 2 9 54 1.13 0.122 0.36 0.035
MS- 3 9 52 0.77 0.084 0.29 0.033
MS- 4 7 42 1.70 0.128 0.29 0.041
MS- 5 7 41 1.55 0.157 0.34 0.046
MS- 6 6 34 1.46 0.169 0.32 0.064
MS- 7 7 42 1.30 0.167 0.43 0.024
MS- 8 8% 41 1.78 0.184 0.49 0.073
MS- 9 6 36 1.64 0.115 0.30 0.045
MS-10 6 36 1.24 0.104 0.37 0.046
MS-11 6 36 1.65 0.124 0.26 0.040
MS-12 6 34 1.45 0.134 0.30 0.042
MS-13 6 36 1.56 0.152 0.28 0.046
MS-14 6 36 1.60 0.157 0.30 0.057
MS-15 7 41 1.71 0.170 0.38 0.027
MS-16 6 36 1.63 0.093 0.23 0.032
MS-17 6 36 1.50 0.123 0.25 0.054
MS-18 6 35 1.82 0.103 0.41 0.019
MS-19 6 34 171 0.111 0.40 0.024
MS-20 6 35 1.56 0.183 0.31 0.070
MS-21 7 42 1.61 0.176 0.37 0.051
MS-22 7 42 0.99 0.092 0.21 0.024
MS-23 7 42 1.69 0.116 0.38 0.025
MS-24 7 41 1.81 0.892 0.40 0.017
MS-25 6 % 34 1.82 0.122 0.53 0.090
MS-26 7 40 1.78 0.131 0.38 0.039
MS-27 6 36 1.39 0.085 0.25 0.041
MS-28 5 28 155 0.137 0.31 0.049
MS-29 7 39 1.82 0.093 0.39 0.038

*: Contain dehiscent anthers.

MS-23 MS-24 MS-29

P REMLRERE (Plate Il e, f)

MS-4
MS-9

D HER{ERE (Plate IT g)

MS-1

MS-28

! HEVNREEE (Plate IT h)

MS-2

SAWADA*Y 3, KEBEIC X A2THEHOTERRE

MS-5

MS-6

MS-10 MS-12
MS-14 MS-20 MS-26

MS-11 MS-13
MS-16 MS-17 MS-27

MS-3

MS-22

D—DRHKOTHBMERIER L, TRMR »REE
EOELWb DO oIEKR, 38 (¢, b, a) ~&
L, EBE (d) XKoLk, KEBTE, B8
CFEHEERREMEE L TWwEH, HEREELZ
- THFRR L CTEU R OB EL A S
Nize bbb, SAWADA*Y D c, b, a i, FXEE
DOBEEE LR, REEBER, BBz zh?
PAEE LT, 12720, REB T, SAWADA'Y O
S, EFRB BT R L,
MNETET 5, HE/NLEEESNboT5RE
ASoW A

iz, KERTHE N LHETRRARKOBEIT
oW, TEBRBEEREICE T 2 BEIERO NI
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Table 10. Anther dehiscence of male sterile mutant

lines

No. of No. of Dehiscent
Line spikelets  dehiscent anthers

observed anthers (%)
A-136 5 30 100.0
MS- 1 5 0 0.0
MS- 2 5 0 0.0
MS- 3 5 0 0.0
MS- 4 5 0 0.0
MS- 5 40 0 0.0
MS- 6 5 0 0.0
MS- 7 40 2 0.8
MS- 8 40 19 7.9
MS- 9 5 0 0.0
MS-10 40 13 5.4
MS-11 5 0 0.0
MS-12 60 5 1.4
MS-13 5 0 0.0
MS-14 60 1 0.3
MS-15 40 0 0.0
MS-16 25 0 0.0
MS-17 5 0 0.0
MS-18 63 10 2.6
MS-19 40 0 0.0
MS-20 40 1 0.4
MS-21 45 30 11.1
MS-22 5 0 0.0
MS-23 60 11 3.1
MS-24 45 0 0.0
MS-25 30 179 99.4
MS-26 25 0 0.0
MS-27 5 0 0.0
MS-28 5 0 0.0
MS-29 40 0 0.0

(Fig. 4) : OBIEIC X - TR T2 &,

(it ss 1 B OEMBEOIRE T 2 i £ THE
LizREET, HizT RCEHEB*E7T 2% (Fig.4
®, ® @,

CAEMIEHIEE 3 2 LT BE 2 £ U R TR
FETEE I TER s BRE s n g, BHIXEHHAEE T
% (Fig.4 @, @, ®, @),

RINBERETIRHEDS B, BTV DOHD
et BIERBEIEELE b BT 2 /TR, B
e B 2 TERRROBMPIBEE I N, HIIKE
ris, A

UE R R 2 £ U R TIE, Bih
BET % (Fig.4 @),

OBRHFETERFEORER, 1 HEHUROTES
SR L -1t 2 S MEDREEEAaL LD,
PETHhERER LY, BEThhITHABER
5, RABEHIIERHRTHY, TOSERE
Zhhbod, HRREELR 3,

BT, ARAFTLAFEHERTCIYBDTCT VTS
BOSWIEMEEET S Z 55, 10BN
L I-KIRbo & 3 BRzAVLONTWE, A4 2T
BT 7 BRI, TCHEOE 1 SREICEHKS
., TSRS 2 AT LT 3B IN S Z
BITEL L k529, EEIHEE L 7L, Bt
WI-KIWEWTT 2 &, SEEEH BRI
Eh (Platela) feiftp L ¥IE a5, BHEUE,
D& RREMR T DD L EER & A
Z3Nnb,

LI AT, 4 ATRSHE TEROBEERIRRET
BRESIN TV B, ZR5 DB PIIE, [-KI R
BT 24T 2R H% v, I-KI R@ETEHOH!
BHE R, HETRAKCIVERY, bT¥hick
RENZRHEBFELL W, FEALTRTOIER
DHEM &2 D R/ G SN T B ebeean

REBETIE, 29 BOBERRALD D B 12 2
T I-KI @ MEmRis, 10 B TR OZBIMELS,
S R CHBMETRESEE I, [-KI fAakt
TR0 HEESE» > 72 3 RIS - B8 oK
S L BRETMRM L~ 5, Zho 3RKD
THEBBIUTOL S c#EEEx 2,

MS-8 &, FEMEERFE92.1% T, Bkt
6.1%, BOHBAENT7.9%TH -1 —Miz I-KI
ROMTDEDET IO/, HITFAEEs2, L
L, ZORKTREBOREERNELETR L 225,
# ORBAFELED TEL, »oEAMERYE L HOEH
EPRFIFZEL oI s, FEECBHOTH
FMESEE L T2 A REELE V. 20X 5 2R
IS RERIEMEA RS (functinal male sterility) &
LTAEEn 3, 4 4% TikdbAte®, CHENG and
HUANG? 59 2 £ D, Wih b HIfEE - Bais TR
HERRFFETHEE LTS,

MS-21 i, $BIEIC & © I-KI REHIEHEOLE)
BREDSIZZ L5, PAWETEROHERDEL
FRBHOTEFEEH», FERCk LiEEsh
2, Lirl, REOUETEROFAIF/IRHOARME D
WA BB RET %,

MS-25 i, I-KIREHRNE, HOHMEL D
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RIEETH > Voo THEERFOUEIEROTHF I L
b EMESND, AR B ER TR E TR
AR DWT, Lu and RUTGERY? D& DH 2,

FEBFER T, [EHRSEEOEEL I ELL
Pl RN 9 THAVE &, BEIC L - e
BMOHBRBEORR 2 Z Eddbidrot, 27z, R
HEIER OHBRE PR OFAUBINS b I X 25
BHoNTz. TOK S BERC L 2EHIL, BESR
REETFOEREL S RBEEOARELER L LT
ZEHTELY, I/, RALPOREHEI X 5524
EEERBEDABIENTE S, LE9oT, 514,
EMTIEEETFOERABEEASrcTEET, Z
DL BEHCHEAL T, FOERICDW THRE
THEIEBRETHS S,

1. TERORERE

1) EBROEK
HEUEFRBETOERY, W8 X EBOREE
PHHALMITEZENT, SREORBTEBE T LIZ
L 7288 & BRI v CHI B e s %
Thote,

2) MEB L UHE

—f, EEFREROTENERCECIEED
ML, IEEEHORERGE & EETREE 2
WEEE 2 HEBNETEBbhs, 12T, L
WEEEGETOR—RHE TR, FUCEFEREOLH
i, BREICEBRBCHZ LEZTL, o,
EHMECEERE, {E, ThomEEEe, £
NENEEREESTED ST 530, & 51, it
i, FENOME KR &Y HAICFEEST 50T, FIiE
TEFE DS SIREREIA I B U 2 RELOREEF & — T
3 EEME AN EHAGLE LI LAY,
BB L UBELOKEEEPHETSE, £FEEIL
w, EERKOTER Lt TE 2,

2T, AEBRTIZ, EERKLRS CEHEHET
REHEOWTEEMER2IEE L L THFE %K
L, BEDEL (B 1BHEE 4818 290 ity
DHEBIOWTOLBRE 21T 72,

HBMEI TN TEAR o — A+ v B2y VA
TEEEL, BREZ7 o —XAF ¥ B2y hDRESR
R, REFEEETRE R TH D, EERKX
FERETH 2 A-136 ZECH, 1ERI MS-27,
MS-28, MS-29 £ HAE E ORI HET S F, O

" fefEE b #EA L 7. BRI S & URHEERRR
ot h PhEHMEZEZECLTOToBL S
»THBERRNL, FAA(Z7a vy v 5 BEEES :
50% . F VT L3 —)b 90) T 48 BREREE L 7o FREL
TRz, 2O%0%BLF VTN I—NEFEELAE
BHEATRELC, ERERL 2, EERKOLTE
BOFEHEFREIR+13.1cm, LR WED
EEMEOLKEE TORE) 20.8cm, EEK
E-5cmiitsd o HEEREE TO 1 HOFEYWEER
EOM#iE1.7cm TH o7z, HEUHTRREOHTE
BOFEHERMEIX+13.5cm, FHEERIZL.6
cm THY, EHEE-5cm §igH» 5 HEERE co

1 HDOPHERMREOMFIE 1.6cm T, Wb
EERFEIZIZRICEEZR L 72,

EERHIC BT 2TEHORFRBEHS»ITT 5
729, EEMESCHERL LSO, T 1EE
BLEEOWT, £F, HEELBHERZHEL,
R, EHEEmEy — 3 Vick D@L T, REIE
WZDWT 100 OTEHMEREFHEIL 72, ZOH%BIL
BLEZ X VERRERLT, THORBEREZE
g1,

EBHEERRERRHEE, EEME Ocm koM H
PR oM EESHNCHEL, ZoMoRERE
REOTEHMORBEERECIGUTH W, B, FHH
DB ZIEERE L AR EE | BEE 4 587
BHUICIT R o Tee ET0, RBZIZ, BEEAH—3
FHW,

EHRRE L CSEERRRROBEMNS s HE
T 57D 3mm~5mmF TCOHELIZDWTINT
7 4 YR (10 ) BAEBLL 1o, B IEEME T 2
vy, 7 —NA4zu—S, TX—NABRHOE
0, WEMET 7y 7 X—)V A iE SHIFFODERAZE &
LTHREL 72,

3) HREER
1) EEREOTEHIELE
B 1 BEE A FEEONER, WES I UEHER
FEHMEOBE % Fig. 3 TR LUz, SHEERER
fE+5cmEE CRIZERYRHBEELERL, 208
ik U7 (Fig. 3A), AR HRIIEEME+10cm
EE CIRIRERIC R L, Z0%EIEL 72 (Fig. 3
B), {EMEREIEEME—4cm»sFE+2cm 2
DTRECHEAL, ZO®RERELD, [F+7cm A
BIZRPHALT, FA+10cm Hh o B UL
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Fig.3. Relationship between lengths of the three
floral organs and the auricle distance in male
fertile lines, measured at the fourth spikelet
located on the first rachilla.

Kdksht (Fig.3 C),

Plate ITI & Plate IV ZTERFA & RBGE
W E TOERIEHORERBTH 2, H1EFES
1 FROM OEBER L EHNE, BE, tHE
FELOBRFREBEUT AR S,

T MR  ERIR —5cm IT T, S8R 3
mm KD, &R 0.8 mm LT Tt 4
(Plate Il a) 25& S 17z, TEI-RHARD I3REEE » — &
YTERBRINLIKREECIKIVEFCRINZ A
Too SFHEBIIAT 5 L1 IREE L T 25T (Plate

IVa) 287, R—4cmEic 45F (Plate IIIb)
B L 1z,

1 4 Fora—ABERHEHL T 109
e CMET) 13, MRECESA, PRERLT
W7z (Plate I ¢), A8 THEWLIEIDREL & F2EFLos
Roni: (Plate Il d), EEMR+1cmEiwk2
E2EOIEMED A Sz (Plate Il e) . HFTE X
BRIz S 508, {EMIZ BRI Oz sk
WAIE L 7z (Plate ITLf) , /MEFIZEEME -4cm
EHhroR+2cm EE TREXER L (Fig.3C),
Z ORIFEERNE O 5 ~2— MBI T B kot
¥ > Tz (Plate IV), FEMEOEESHRECR S
hER N BRI #E 23T < % (Platelll g),
RPRTCIEBERIEBECEAEL 1 EEBEHTER
(Plate IITh) &% %, EEMKE+5cmE, SEE
DHEMIEE -7 (Fig.3 A),

2 BT EERME+5cm » 5 [E 47 cm U,
FIEMESEBEZ -7z AHEBIFER LS
FEE D X SHARR TR o Jo 28, TEMBINICiRc i
VEPERSI LD 5E (Plate 11 1) L\ &
K EREEY L /NS D EFEGPHBCER T E L
(Plate III j), EEME+10cm E, #HOMEME
1k U7z (Fig. 3B),

ST  BEME+10cm W, 8 2 BB
UMM Thbh, TRRNANCT 7V ERERINT
EE IR R 212 {&>7 (Plate III k), #ffiLi&
T & 2 AQERE BRI NI, FEIITHR
TH-7: (Plate II1 1),

ULDBEEEHORETH S, BEENZIIAR -
JEED, |1, SATAKESY OEEERE L —8{ 2,

(2) HETRIRKCBTIERORTREY
BHEETRAHIC IRL R BESBE S Wi,
DX BRENBOHBRHEFEBIC L ->T29
Rk TR TE I, LT ZEh s OBBER
k3,

@ TeiSmiasER, MS-2, MS-3, MS-22 ®
3BHE L WA RED 2H ORI B LT
M e EEHNEIEL 72 (Plate Vb)), HEEEH 4 mm
PRz E TcEFL T THER I 2R EMED £
Fik % 5T, HEHTEETRIERRA SN
hoie (Plate Va), HidEb/NaLCEBlIL, B
EO/NGRERETH - 1o,

@ 45F—/METHRER, MS-4, MS-5, MS-
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9, MS-14, MS-16 @ 5 R#f . 4 3 THIERDO VD
w2 HE/MNIFHIMEICE . 2TEREONERR S
Niipote, SHEER S5 mm I2E - T b B OIE
BEBs o /MNETRHETEELT 20 085% 9>
720 FHRIZEARNOPMNEFBA SN, FuzidEsk
ERMEFEERL Twi: (Plate V e), HEEHIZ

X, FPOTEREIIEY LB fHE L Tuizds,
RIIC L 2 TIRW L DO D/NEF I ZF DBEE
gL, EXRL (PlateVd) L7, ZhsORELEY
BRIBCATE LT\ i228, BTEREOF D 5 —IFE Y
H3 2 e T &I, g, WHOBLRRSno T,

@ &~ rfaEER, MS-1, MS-6, MS-10,
MS-11, MS-12, MS-13, MS-17, MS-27, MS-28
D9 FRH © F— Pl EMR, EREDEL O
HEEIUARA STz (Plate Ve, ), /NTFIZE
BB TEIMEL, BWREEL Twi, #ERES
mm (ZBERER+0.5cm) T, T TiEsmD He
B EBENED T, IS DRPETIE, HFHE
P RIER A SN 128, HoTHHEE
CEEL TV, Hid/ha{HEEkBE x5,
22720, BHIRE-> TR, BHOIR—TIEEORE
BEZYD, MNETRREHC E TEET2HE L
H o770 BRIz MS-10, MS-12 Tid, B ERHETR
»5, ETRENASN, 20X S%, HIER
DOFF, MS-6 BT HBEEI NI B % CTE
BB A LNBFTIRIKHEBRER L5 7,

@ /NMEFhEHEER, MS-20, MS-26 D 2 %
By R— MEROEEREERLASNE 0T,
INEF IR L (Plate V g) »SHFERAIC 3UGE
L 72 TER 2 7 03B LfE g »gdic 4 & hUgEe
AELTWw (PlateVh), Lo L, SEHftick -
Tid, REEBEETIHELH o7

® ZeEitEi, MS-15, MS-18, MS-23, MS-
29 O 4 B NEFHOF ~— M HIfIXIEE T, 1
BB TtHESE R L tH, MigEsTTE
MONE»EHET LI OBEENAORRL
(Plate VI a), ZO&MIE R, EHRNKIEED,
DT RMBIE 28I 5k U 72 BE I O ARRAEKH,
EuSELZENELE T2 RBRERBENo T2
(Plate VI b), Rtz & » HEBSAE 3R o 7225,
WENLREEBRSEE SN, HrEaitRc
Hole

® THEBEE, MS-7, MS-19, MS-24 © 3
Fif 0 v e— MIRIBIER T, {CB%E 1 SEER

Th oRBEREILT 282 E 0o T, HEHOK
Fuziy, AEYMEHE T 3 RENRALN, Fho
D% 1L, REHKLEFRORSVBTE TR 2L
¥Tho 7 (Plate VIc), fUCEEBIERRLT 7
7 EDRFEED 3HBTEH B L URELHH A5
iz (Plate VI d),

@ FEEHE, MS-8, MS-21, MS-25 D 3 %
HomEZEO LY I-KIORGH» S RaEM s L
THEENTREE T 5, ¥ ~=— MUFIZIER
T, MS-8, MS-25 Tix 1838, 2#&HAfEM & b 1E
WICHEL, HEHIORITITIZREL 12 38
Aotz (Plate VIe, £), MS-21 iZHBHHIC IEH
3BT TR L 7208, SEftic X b HEBE K
ERERERAB LN, BEROZVEIEb DT,
MS-25 T, RHEALOBHLBRE T, B ITTFEH
o7 (Plate VI g, h),

MU EOBREBREPEICLT, 29 Mg TRATT
DOTEEHOFE 2 2 HERE %, EETEHOR
BHERIZ LT THT T, Fig. 4 1R L7z,

T, 1 ATRSHE CEHEROKER FREFEET
BAEINTHLIYR, TBROXEBFTARAEEDVWTD
IR R RE 133 v,

KrTaDA et al.®® |3 N-methy-N-nitorosourea T
FR LU 25 BOBBEHARREC D WIIEhAHE
DOREIRFORE HEENCEHEL -, £hb
D35 19 BT IRFENS (desynapsis) DR EERE
BHshID, ZONCBESEOFEL, TR
faofaE o, TeaefilEss, EHt
MBRoME, BEERYOREPHMEL Tw 5,
KiTADA et al.®® OFEEAFHT, AT 2R TR
DO, FERTIERHM L REER K L VEFIEES
BIEhs, HETRENSENTVLS I EHHEE
&h 3, Lu and RUTGER® 1X, M-101 X W EHKL
TR R A Rk R, RELHE, HoFRIE
B, T2TIREHE, BEnEO4BcHT, £
NENREDWTEMEREREL T I3EORER
REEL 7, ROILHEICB T2 TROERE, &
BMOFEFIORME LThs, WOTRICHE L 24e
TR T, BESZHOREETEICRED
BEsh, BEHETE, TOHEMRBSEVICEME
TERENEEN, REEEENINS O IBICHE
CBEL Twi, &6, BERVHShHRK
ISR ER R IC D> T WANG et al®™ i, K
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Fig. 4. Developmental stages of pollen cessation in 29 kinds of male sterile mutant lines.

ﬁ%ﬁ@ﬂﬁ&ﬁ%b?maﬁ,ﬁﬁﬁﬁ%éfé
DBFERIGHTHY, 20BREBERNEETS

ZEEREL TV,

HEERRETC BT 2BBPHOBEIZOWT
X, B 25 DHEENH L, RICK®P ZF2 D
S EOMETRREET DS 5, TRIEBEIZ»
LA THCRERALRLL Z L 2HEL,
ALBERTSEN and PHILLIPS®® |3 b 7 Ew 2 ¥ D 13
HOMMTIRBET DS 5, 3B OV TR
HOEERPRELTWE, I OEHERERY®S,
TERREOFRBPCEEREL 5RRRBH TR, B
SROBE LAY L OBENHE W Z L ERLTH
2,

AEE T, BRI BT 3 alkndeo
WTRBEL koo, TEHEREBRER T,
EELTCHEHEE THMEL o2 &, %72,
4 FFE—/PMETFEER TR, KNEBO/NIFS
i, SRORENITFOIEHES NI Z L %H
5, ZNODRMTIE, 28FH3VIFADFEE
B REEOTENCERE 2E UL MREELEY, &
Oft, EMFEEOHEREHICEE2ECRRKT
i, REERESH-TI L ELLND,

KauL® iz ko, HEMRIEHEY T i3msiaziLl

A OFEH R 0 & BETEHI OTER I E B £ T,
BRR oL ORESNET 5, KERIZBL
THHURRRH 2RI T2 L, ThZPhERFOHR
BREISEE SN, BERSBLEOTCE RS »
51K, 28, 3HHICESL E TCORBRED
TRCEbL-> TREERETIBAPHREI N,

8. BIEAHOER

1) EBROH®E

TR OB BT, PRbcfES EHE
LT, IEEHEOFRHN L THEIEH 0BESESS
BIrZeBHIonhTWwS, UL, FOEMLE
&3 Th kv, BT —RMERE T A
BLTEBD CTEERBETH IO, SBEERRR
MO THIEEEEREL 2,

2) MEBLUHE
HEETRRROBEL AR O — X F v Eay
FATHNTZ, 70— F v EX Y DRESRMR
5 P HETRAFK ORI HE SRS L R TH
3, REERERFCOVT, 2EE»S5K 1T
D, S8 ML EHEBFERMD A-136 O 4 f@ik» 5
H1METD, G2 BEEEL, $1BE»LH4



HAL | 4 2 QBEABEETRMYE & ERRECE T 2 TR 223

B E TOFRFROEMICOWT, HEEBORETE
BN H, HAIOBTEE, KBTEs*Z LU CBER%%
LIz, o, MS-3 EMS-13 TREHAENRCE
EINT2HON 1R/, B3Iz LY
SREL B fo, FEHAMIE, SH30H»59H 20
HETT, B{EHZIOHEEIZ R 05 55EL,
0 FIBEHEZTART 18K 30 2 £ TIT R - 720

9F%RFD3 b U RFEEEL, AECTa—2
FrERy FNT, FEOBEERME2AE L2,
EFEIE8 A238~9H20H% TT7H 305
51730 S E oM, WFhd 0 SECHEL
72

3) WHReER
SHEERRAKEOOTFEEOHNEEHELTK %
Table 11 & Fig. 5 iz, B{ERF%]% Table 12 & Fig.
6 12, BATERSRI% Table 13 2R L 72,
EEBRBUTOUI B an 3,
(1) HFEEBETEEEAE @ A-136 T, BEDOLIE»S
DI L &b BEEsSBEB E NIz,
HETRRE CIREER DA 5> T2
1%, MS-10, MS-21, MS-25 @ 3 REDOHTH - /2,
Hittk 2 HEBESR o n-0i3 6 %4, 3 HH
X4 R/, AHEPRLELTI3RKTHY, 5H
Hix MS-3 0 1 %%, 6 HEIZMS-2 D 1 %k, B
BIFMS-27 07 HBT 1 REHESBRIE 2R T2,

(2) BRTEEREH : A-136 OBBTERB H XBATEERLG
®B2HBTH- 2,

TR REOMERSEE »FERABROBEK T
A5 L, BB HTERER L oo 0id, HFE
%4 HE CREDORB s iz MS-15 0 1 RO &
Thotz, 2HEIZ6RH, IHEHLORHTLH
Hicdmdb BT 12 RHTHo 72, 5 HEIZ MS-
7, 6HEIRMS2LDZNER]IRZFEDLTH-
726

BtREH*HMEL s OEKTA S &, HFHE
HEWEEHE 701X MS-25T, 3HHAR
MS-8ThbH, 4HBEIX5 %MK, S5HEHIKISR
, 6HECWIRS, THEHKREHELTIR
HMTHot, 8HHIZTMS-3 & MS-27D2FRHET
Hol,

(3) BRTEMARS : A-136 OBEYEMIRI 7 HETH -

72D LT, HEETRRREOBEIRIE, 5 B
D13 %%, 6 B 1AM, 7HRRT7RE, 8H
EEb %< T 9 %M, 9 2R, 10 A

1 %8, 11 A 135, 12 R 2 /%, 13 5
I MS-29 @ 1 %HET, 14 HRHIZ MS-24 O 1 %5,
BRI MS-6 D15 HETH - 72,

B, BEIERTHELEE» B2 5L, 6 HH
THRTLEOEMS-80D 1%, 7HEHRMS-25
D 1%H, SHEX 4R, IHEXIRM, 108
Bix5%%, 11 HEZ5 %%, 12 HEIZ 4 7%, 13
HE 2 %%, 15 HE 2 %%, 16 HEIZ MS-29
1%%T, BLEDP-LOIEMS-6018HEBET
btz

(4) KBAFEH : HAH D A-136 T3 ARFEIEEE D
1EL»EHEIIT, KEEEZ1I%THo 7,
FRRLT, BETRRE TR, [HEE
BTEERIREL D, b2 bH o DIZMS-29 D
52% 7T, 40%ED 1R, 30%ED 3R, 20%E
28 3 8, 10% 508 4 FHE, B D 17 RHEH 10% K i
THol, EHERRBROFYIL 14% ThH - 72

(5) BEAERSZ : R D A-136 Tk 9 B 30 LI
WHTE 2 HE L, FRTESRBRAE 11 B 30 3~12
30T, 14EF30 I IEBHTE 28T Lz, BEHD
BRI IER I 2R L 72,

MR/ TR T, B8O 9 B 30 S LURT
WHfER A & iz, & 72, BETEBESREAIDS 9 BF 30 4
LIRTORED 7T RS D> 720 9B 30 5~10 I 30
SCBATE R ko012 7 B, 108304
~11 K30 53 Ci3 8 B#f, 11 RE30 ~12HF 30 0T
126 %8, 128530 ~13R 30 5 Tir MS-10 0 1
DA TH -T2,

HEMETfe R OB BATERFZIX MS-25 3 b B
T I3HE30 & & TICBfE 2 2 oo fhOBEMTER
FHTI ISR TH 3RS, 168305 % T
D6 R, 17HE300E THHED % T 12 Bk, 18
BE30 DT T RKTH - 72,

(6) BATEREME : BUREL A-136 OEIE O BATERERI %
A5k 1REIDINICEE L 7201k SEIET, 1 R
~ 2BFHBRATE L T Wiz DIZ 9 EE T, 2 BERALL B
L TwiEitEas o iz,

RIS/ OFICOFATERR X, 1 BRI



224 BB REFTREE £198 %25
Table 11. Number of flowering spikelets on each day after heading of male sterile mutant lines
Number of flowering spikelets
Non Total Mean
Line days after heading (day) flowering no. of (day) S.D.
1 2 3 4 5 6 7 8 9 10 11 12 13-18 spikelets (%) spikelets ‘°27

A-136 10 38 18 22 3 1 2 1 (1 96 2.9 123
MS-1 4 19 13 3 5 1 4 (8) 49 58 1.21
MS- 2 10 18 4 8 5 1 2 1 (2) 49 7.8 1.63
MS- 3 3 9 810 6 6 1 1 (2 44 7.7 158
MS- 4 1 5 519 3 7 1 3 14 (24) 58 74 186
MS- 5 7 6 5 8 2 1 1 1 25 (45) 56 6.2 2.05
MS- 6 5 1 122 4 9 2 3 2 3 2 (4 54 81 273
MS- 7 2 1 5 11 22 6 1 3 1 1 4 (7 57 6.9 4.32
MS- 8 11 19 3 9 4 6 (12) 52 3.5 130
MS- 9 1 8 3 18 7 1 3 2 14 (25 57 7.1 1.65
MS-10 2 6 6 14 2 2 1 14 (30) 47 36 146
MS-11 1 11 26 10 1 4 1 1 0 (0 55 44 135
MS-12 4 3 8 15 6 3 3 5 (10 50 72 183
MS-13 3 4 8§ 10 8 1 4 1 (3) 40 49 1.64
MS-14 11 19 7 6 3 2 2 (4) 50 56 1.61
MS-15 13 6 9 3 3 1 1 19 (35) 55 56 161
MS-16 4 12 13 6 2 2 2 8 (16) 49 6.3 216
MS-17 4 11 17 3 7 1 1 0 (0 44 52 151
MS-18 1 8 16 1 3 1 5 1 (2 46 41 212
MS-19 7 512 8 10 5 1 3 3 (6 54 5.8 1.90
MS-20 3 5 817 8 7 1 1 6 (11 ) 7.1 166
MS-21 1 4 7 9 4 18 2 2 1 4 (8 52 50 4.63
MS-22 6 17 19 10 2 3 (5 57 6.7 1.02
MS-23 1 7 7 7 2 20 (39 51 56 154
MS-24 6 10 13 7 2 1 1 10 (20 50 49 219
MS-25 3 20 20 3 1 3 1 0 (0 51 2.8 127
MS-26 6 20 18 2 4 3 1 1 (2 55 59 159
MS-27 13 1511 6 2 3 (6 50 83 115
MS-28 1 10 12 11 5 1 2 3 (7 45 56 2.74
MS-29 2 7 6 7 3 1 28 (52) 54 6.6 237
Total 6 63 90 184223 218 224 104 78 42 25 10 9 202

N=29 (14) 1487 59 223

BEEE T 5 EIEN A 5T DId MS-8, MS-21, MS-
BDIRFTHD, S 4HEE (6%) THoi,
1 R~ 2 BERILAPN 13 10 R D 18 SEAE (26%), 2
Tl ~ 3 BefEAS 12 R8T 20 16 (29%), 3 BFRALL
L OBITEREREIOSE H % < T 11 RHED 26 5L (38%)
TH-7,

(M) PAEOERERY 5, SHEETIRETERR
D A-136 £ ZRZ BFHEEEESR SN, 2161
BT RRBICIE OBTEERTH 3 2 LIS

iz E Tz, 72730, MS-2512 DT, BATERSR
P2RVIEEER ORI & BT ENED & 2o
12o

FEGERPPET 2L, EERHTH 2 A-136 0
BAfEE M, (DHFEGES Bt EE Y, 220
BicBEREH 2y, Q) :EMCHIE2KZ 12
(ORBATEFIEOHEE X 1 % BETH - 1z, GB{EE
%13, EFEIFERLE D, REPT A5
TE Lo Teo (6)&SEIE DBATERFE X 2 BRI T
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Table 12. Flowering time of male sterile mutant lines
No. of flowering spikelets
Flowering time Totale Mean
Line 9:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 no. of (Time) S.D.
9:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 1830 spikelets

A-136 10 18 45 16 6 95 11:47 1.01
MS-1 11 9 9 2 2 5 1 3 3 45 11:22 2.28
MS- 2 12 7 13 2 3 5 4 2 48 11:08 2.05
MS- 3 7 4 6 6 4 6 3 3 4 43 12:06 2.43
MS- 4 11 8 15 4 1 2 2 1 44 10:48 2.02
MS- 5 3 10 3 9 1 2 1 2 31 11:20 1.56
MS- 6 3 14 5 6 6 7 4 4 1 2 52 12:12 2.29
MS- 7 18 9 8 9 2 2 2 2 1 53 10:45 2.06
MS- 8 1 11 6 8 2 8 4 5 1 46 12:20 2.12
MS- 9 14 10 9 3 3 3 1 43 10:34 1.54
MS-10 5 6 3 5 7 5 2 33 11:32 1.53
MS-11 5 10 15 16 1 3 2 2 1 55 11:47 1.45
MS-12 9 8 8 6 5 4 2 2 1 45 11:41 2.29
MS-13 6 12 6 1 2 4 3 5 39 11:32 2.24
MS-14 3 4 7 18 3 10 2 1 48 11:54 1.43
MS-15 8 2 12 5 5 1 2 1 36 11:12 1.45
MS-16 13 5 9 3 3 4 2 2 41 11:02 2.09
MS-17 2 2 16 11 4 3 4 1 1 44 11:52 1.53
MS-18 7 11 7 10 5 2 2 1 45 11:53 1.58
MS-19 6 6 13 5 6 8 5 2 51 11:47 1.58
MS-20 3 2 14 17 5 4 1 2 2 50 11:50 1.45
MS-21 5 9 7 11 8 1 1 3 1 1 47 11:43 2.08
MS-22 13 2 4 5 7 5 11 2 5 54 12:29 2.37
MS-23 2 3 11 9 2 2 1 1 31 11:31 1.46
MS-24 1 4 2 11 9 3 5 4 1 40 12:46 1.56
MS-25 1 14 24 6 6 51 10:48 0.54
MS-26 10 10 5 14 4 8 3 54 11:16 1.50
MS-27 11 12 2 5 6 1 4 4 2 47 11:30 2.35
MS-28 4 12 6 8 2 4 4 2 42 11:32 2.07
MS-29 5 9 3 7 1 1 26 10:31 1.24
ﬁ(izlg 199 214 252 219 115 111 82 55 25 12 1284 11:33 2.08

Hotee BRTEDS R L T, S & TRA, OFFIEOM

ZhiextL T, BERRRFE T, (DEfER, E
LIS 2R HEDe<, Lz > T, FTEHE
HEBfEsTBAEBE LT, QFEREEH bEL
207z, (3% & OFMETIEBHTERART L, 13213 14
T, EESHEZE Lo 120, 1EHORFKTIEH
BlE e ote, W% DR TR, KETEELIX 10%
R TH o 7228, KBCEEP T HREAT 2RH D
b o7z, GIBATERFZIL, % < SR SHRER KD,
BETE B 13 R & 1212 CRFZI T H - 7245,

TERERIIRE <, 2BFRIBLEIC R B 3 DD TOBTRE &
SiLiz,

HEETRRAK BT 3, 0k 2EETER,
BED L I 2HEFRBETFOSEIERO—~D LF
ZONTWwE, B3, avedY, ra=
VE X L DERINLAT 0 EORRE
BECOWCHEREZHAEL, WIhoFERED
FATEH OB & SR OEA 2Ry 2 L 28ME L
Teo FLT, I0S ORRIBBERRCHET SR
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Fig.5. Frequency distributions of flowering spi-
kelets located on the upper four rachillae in
normal and male sterile mutant lines.

Table 13. Flowering period of male sterile mutant
lines

No. of flowering spikelets

Line hours
0~1 1~2 2~3 over3 Total

A-136 3 9 0 0 12
MS- 1 0 2 3 0 5
MS- 2 0 1 1 3 5
MS- 3 0 1 0 4 5
MS- 4 0 1 2 1 4
MS- 5 0 1 1 2 4
MS- 8 1 4 1 0 6
MS-20 0 1 2 1 4
MS-21 2 0 1 0 3
MS-22 0 4 1 1 6
MS-23 0 2 1 2 5
MS-24 0 1 3 1 5
MS-25 1 0 3 2 6
MS-27 0 0 1 4 5
MS-29 0 0 0 5 5
Total 4 18 20 26 68
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Fig.6. Frequency distributions of flowering time of
spikelets located on the upper four rachillae
in normal and male sterile mutant lines.
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Table 14. Pollen fertility (%) at each generation of the so-called substitution and restoration type of back

crossings
Substitution backcross Restoration backcross
Generation (I-44 X A-133) X A-133 | (A-133 XI1-44) X A-133
(%) i (%)
B, 100 15 19 0 9 4 0 5 01 37 - 29 72 36 -
B, 3112 2 0 0 0 0}45 34 66 79 39 83
B, 6 0 11 0 0 2 0 0 0 51 61 77 91 81 70
B, 8 0 00 0 0 0 0 0} 76 70 89 75 86 -
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Fig.7. Development of pollen grains both male-
fertile and cytoplasmic male-sterile strains.
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Fig.8. Development of pollen grains in the [cms-
boro] type male-sterile strain, I-127 and its
maintainer, I-128.
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Table 15. List of strains used in the experiment

Pollen Spikelet

Strain Name Origin fertility fertility
(%) (%)
1-34 Mushakudanti India 93.0 95.0
I-44 Bhutmuri-36 India 94.9 96.3
1-45 Charnock India 94.4 91.6
1-100 Chinmen-Tuomen-hongmi China 96.6 96.4
E-48 60-nichi-kiso China 94.6 92.0
A-133 Norin-9-go Japan 93.0 95.0
A-5 Akamuro Japan 93.0 91.2
A-13 Chabo Japan 93.5 93.5
A-31 Fukoku Japan 94.2 96.1
A-43 Hokkaimochi-1-go Japan 93.3 94.3
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Fig.9. Frequency distributions of pollen diameters at the stage of one day before anthesis in parental normal

strains.
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Table 16. Pollen and spikelet fertilities of F, plants
between japonica and indica strains

Pollen Spikelet
cccfr(;lsbsina tion fertility fertility
(%) (%)
A-133X I- 34 85.4 98.6
A-133X 1- 44 33.2 42.4
I- 44xA-133 18.3 176
A-133X 1- 45 45.7 75.0
A-133XE- 48 11.7 13.0
A- 5X1-45 58.4 90.1
A- 13X 1- 45 26.7 -
A-31X1-45 334 -
A- 43X 1- 45 22.3 -
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Fig. 10. Frequency distributions of pollen diameters at the stage of one day before anthesis in the F; hybrids

between japonica and indica strains.
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Table 17. Frequency of empty pollen grains in parents and F, plants
Strain or No. of No. of pollen No. of empty Empty pollens
cross combination spikelets grains observed pollen grains (%)
I- 34 3 1,533 9 0.59
I1- 44 3 1,528 5 0.33
I-45 3 1,591 44 2.77
1-100 3 1,540 13 0.84
E- 48 3 1,573 13 0.83
A- 5 3 1,613 43 2.67
A-13 3 1,582 44 2.78
A-31 3 1,534 22 1.43
A- 43 3 1,590 52 3.27
A-133 3 1,553 58 3.73
A-133X 1- 34 3 1,537 6 0.39
A-133X 1- 44 3 1,608 23 1.43
I- 44X A-133 3 1,710 41 2.40
A-133% 1-100 3 1,538 64 4.16
A-133X E- 48 3 1,589 30 1.89
A-133X 1- 45 13 6,804 1,227 18.03
A- 5X1I- 45 3 1,606 65 4.05
A-13X1- 45 3 1,576 204 12.94
A-31X1- 45 3 1,609 422 26.23
A- 43X 1- 45 3 1,551 370 23.86
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Summary

1. Nuclear genic male sterility

Genetic and cytological studies on genic male steril-
ity and hybrid sterility in rice were made by the use
of 29 kinds of male sterile mutants induced by gamma
irradiation or ethylene imine treatment and donated
by Dr.Fujimaki, National Institute of Agrobiological
Resources.

The results obtained may be summarized as fol-
lows:

A. Genic analysis

1. A single recessive gene was responsible for most
of the male sterile mutants showing an F, segregation
ratio of 3:1 in monohybrids.

2. F, segregation caused by duplicate genes was
also demonstrated in the crosses involving MS-19,
showing digenic ratio of 15:1 and 3:1 in F, and B,
populations, respectively.

3. Distorted segregation ratios occurred in both F,
and B, populations derived from the crosses involving
MS-19, while monogenic inheritance was examined
only in B, populations in the crosses involving MS-7,
MS-10, MS-23 and MS-24. There is the possibility
that selective fertilizations between Ms and ms pol-
lens are responsible for various distorted ratios in F,
populations.

4. Genic identifications were carried out following
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the scheme shown in Fig.1. Allelic relations
between male sterile genes were demonstrated in the
test crosses between MS-4 and MS-9, and between
MS-15 and MS-29. Excepting two genes for which
symbols were given by Dr.Fujimaki, 27 kindsof single
genes were newly named according to the order of the
male sterile mutants.

B. Anther and pollen morphology

1. Among the male sterile mutants, selfed seeds
were obtained in 8 lines. Of these, M-21 indicated
the highest seed fertility (24.8%), while the others
remained below 10%.

2. Female fertility was perfect in all of the male
sterile lines showing high seed fertilities when pol-
linated with normal pollens from the original strain.

3. Discrimination of pollen grains was made by the
use of the stainability by iodium potassium iodide (I-
KI). Furthermore, pollen numbers varied among the
male sterile lines. It was noted that 10 lines
contained a nearly normal number of pollen grains,
and in 3 lines stainable pollen predominated. In
contrast, 10 lines had no pollens, and reduction in
pollen numbers was noted in 9 lines.

4. Anther shape was compared between the normal
and the male sterile lines. Anther length and width
averaged 1.55 mm and 0.34 mm, respectively, in the 29
male sterile lines, while anthers in the original strain
were 1.80 mm in length and 0.43 mm in width.

5. Dehiscences of anthers were observed in 10 lines.
Among these only MS-25 showed normal dehiscency,
and the rest were low.

6. Anther color was affected by the presence of
fertile pollens. White and transparent anthers
contained no pollen, while normal plants showing
high pollen fertility had yellow and plump anthers.
Various color shades and shapes of anthers were
classified into five types from A to E as shown in
Plate II.

C. Cytological observations

1. The cytological nature of the development of
pollen grains was investigated in the 29 male sterile
lines which were cultivated in the growth cabinet
under natural light at 28.5°C during the day and 21.5°
C at night. In order to estimate anther development,
the distance between auricles of the last two leaves
was used as a standard, and spikelets were collected
from the upper fourth rachilla in the primary rachis.

2. In terms of retardation of pollen development, 7
types of male sterility were found in the 29 male
sterile lines.

(1) Abnormality at sporogeneous stage (found in 3
lines): Sporogeneous or pollen mother cells did not
proceed to meiosis and remained for a while in anther
loculi (Plate V b). Anthers at anthesis were of a
white and shrunken type (Plate II h).

(2) Abnormality at microspore stage (found in 5
lines): Microspores liberated from quartets ceased
development at the young pollen stage, and the for-
mation of exine was inhibited. Multiple nucleate
and/or giant microspores were observed in some
anther loculi (Plate V ¢, d). Anthers at anthesis
proved to be mostly pale yellow type-2 (Plate Il e, f).

(3) Tapetal abnormality (found in 9 lines): It is
well-known that tapetal abnormality causes complete
male sterility in various plant species, regardless of
cytoplasmic and genic male sterilities. In the mutant
lines, various degrees of tapetal abnormality were
observed. In some cases, tapetal plasmodium
protruded prominently into the anther cavity (Plate V
e), while the spread of tapetum delayed degeneration
in other cases. The lack of uniformity was observed
even in the different loculi of a single anther (Plate V
f).

(4) Abnormality at the late stage of microspores
(found in 2 lines): In this case, no tapetal abnormality
was observed in 2 lines. Swollen pollen grains lack-
ing the pollen wall and similar abortive pollens at
maturation stage were observed (Plate V g). Most of
the pollen grains were sticking to the anther wall
(Plate V f).

(5) Abnormality of young pollens (found in 4 lines):
The development of tapetum was basically normal,
but most of the anthers contained aborted pollen
grains characterized by thick exine (Plate VI a, b).
Various amounts of fertile pollens existed in several
mutant lines.

(6) Abnormality of binucleate pollens (found in 3
lines): There were numerous binucleate pollens in
anther loculi just before anthesis (Plate VI c). A
mixture of aborted and normal pollen grains was seen
in the anthers at maturity (Plate VI d).

(7) Abnormality containing stainable pollens (found
in 3 lines): Normal pollen grains stainable by I-KI
were abundant. There was no apparent abnormality
in tapetal disintegration and microspore development
(Plate V1e). In MS-25, fertile pollens did not germi-
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nate completely because of abnormal germ pore
(Plate VI f, g, h). Partial seed setting occurred in the
other lines. Pollen abnormality at different stages is
illustrated in Fig. 4

D. Flowering habits

1. As shown in thermo-sensitive genic male sterility,
it is recognized that male sterile plants are suscep-
tible to environmental conditions such as temperature
and photoperiodism. Furthermore, there are side
effects of male sterile genes, especially in growth and
flowering habits. Therefore, using the 29 male ster-
ile lines, the modification of flowering was investigat-
ed from the standpoint of pollination related to
hybrid seed production.

2. All plants were cultivated in the growth cabinet
under natural light at 28.5°C during the day and 21.5°
C at night. To insure synchronization of materials,
62 panicles were chosen from both male sterile and
normal plants, and all spikelets collected from the
first to the fourth rachis were used for surveys to
determine days of anthesis after heading, number of
flowering spikelets per day, number of cleistogamous
spikelets and flowering time during the day.

3. Flowering habits between the normal and the
male sterile lines differed remarkably depending on
the pollen type aborted.

In the normal plants, flowering habit followed the
standard pattern hitherto reported; that is, the initia-
tion of anthesis began just after heading, and blos-
soms of spikelets appeared on the second day. The
blooming period continued for nearly a week in a
single plant, and the rate of cleistogamous spikelets
was below 19. Blooming time in a spikelet was just
under two hours, and flowering predominated around
to midday.

In contrast, prominent departure from the normal
flowering habit was observed in the male sterile lines
due to the peculiar nature of the genotype. In gen-
eral, initiation of anthesis and completion of bloom-
ing occurred notably later than in normal plants. In
most of the mutant lines, the blooming period in a
single plant did not differ from that of normal plants,
except in a few cases, and the rate of cleistogamous
spikelets increased in a particular genotype. Daily
blooming time was extended from early morning to
late afternoon (18: 30), peaking slightly around noon.
Therefore, the synchronization of flowering times
with those of normal plants was restricted only in

noon, though blooming continued for over twohours
in a single spikelet.

4, 1t has been noted that the modification of flower-
ing habits was related to the developmontal stage of
pollen abnormality. That is to say, fluctuation of
flowering dates and blooming times were prominent
in male sterile lines traceable to young pollen abnor-
malities in the early stage, whereas flowering behav-
ior resembled that of normal plants in those male
sterile lines which showed pollen abortion at the later
stages containing some stainable pollens.

II. Cytological observations on cytoplasmic-genic
male sterility

1. A cytoplasmic male sterility like K-11 was in-
duced by the nuclear substitution method from the
cross Bhutimuri-36 X Noérin-9-g6. The F, plants of
that cross were backcrossed repeatedly with ‘N6rin-9-
g6’ up to BgF, to produce a substitute line which
possessed the cytoplasm of ‘Bhutimuri-36° and the
nucleus of ‘Norin-9-gd’.

2. In order to investigate the cytological nature of
the development of pollen grains in cytoplasmic male
sterility, the substitute line, K-11 and the boro-
cytoplasm male sterile tester, [-127 ‘Taichung 65 MS’
donated by Prof. Shinjyo of Ryukyu University
were cultivated in the growth cabinet under natural
light at 27.5°C during the day and 20.5°C at night.

3. There were no signs of abnormal behavior in
either the microspores or the anther walls containing
the tapetum until the binucleate pollen stage. Pollen
grains developed normally from the uninucleate to
the binucleate stages, and the division of second-
pollen mitosis was subsequently completed in both
male sterile and male fertile plants.

4. At the trinucleate stage, which begins about 4
days before anthesis, the development of pollen grains
in the male sterile plants was seen to beretarded
compared to that of the male fertile pollens , and the
diameter of sterile pollen grains differed markedly
from normal ones up to the flowering stage.

5. One day prior to flowering, the shape of pollen
nuclei in the male sterile plants showed the following
characters: Nucleolus of vegetative nucleus
maintained a round shape and was stained deeply by
aceto-carmine. Two sperm nuclei were elliptical in
shape, faintly stained, and located adjacent to one
another.

6. On the basis of my obsevations, I concluded that
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the development of pollen grains in the cytoplasmic
male sterile lines proceeded normally until the binu-
cleate stage, a fact which indicated retardation of
development during the accumulation of pollen
reserves 2 or 3 days prior to flowering. These signs
of abnormality were rare noticeably in the results of
a previous report using the same material (CHU ef al.,
1972).

III. Pollen morphology of F, hybrid sterility

It is a well-known fact that F, hybrids between
distantly related varieties, such as indica and japonica
rice, show various percentages of pollen sterilities.

The author examined the pollen abortion of F,
hybrids between indica and japomica varieties. F,
hybrids from several crossings were cultivated in a
growth cabinet under natural light and kept at 27.5°C
during the day and 20.5°C at night. The results
obtained are summarized as follows:

1. Abortive pollens observed at the stage of one day
before anthesis were classified into four types.

1) Pollen abortion at the trinucleate stage.

2) Pollen abortion at the binucleate stage.

3) Pollen abortion at the uninucleate stage.

4) Pollen abortion showing empty pollen.

2. The frequencies of the four types in pollen abor-
tion of F, plants were distinctly different from those
found among the cross combinations. There was a
predominance of the trinucleate type in crosses such
as A-133 X [-44. The binucleate type was frequent
in the cross A-133 X E-48, while emptypollens were
abundantly seen in the cross A-133 X [-45.

3. Frequency distributions on the diameter of pollen
grains were compared between parental varieties and
F, hybrids. We observed that normal distribution in
a rather narrow range was common in parental vari-
eties such as A-133 and I-44 as well as in two kinds
of F, hybrids (A-133 X I-44 and A-133 X I-100), a
finding of which indicated a bimodal distribution
separating fertile from sterile. Other crosses, how-
ever, showed a continuous variation over a wide
range from sterile to fertile.

4. Based on my observations, it would appear neces-
sary to reexamine the causes of pollen sterility in F,
hybrid between indica and japonica varieties, with an
emphasis on the pollen developmental process.
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Plate I. Pollens stained with iodium potassium iodide solution.
a: Normal pollens in A-136,
b: Stainable pollens in MS-25,
c: Mixture stainable pollens and empty pollens in MS-7,
d: Abortive pollens in MS-9.
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Plate II.
a: Normal (A-136), b: Normal type (MS-25),
c: Yellow abortive type (MS-8), d: Yellow abortive type (MS-15),
e: Pale yellow abortive type (MS-9), f: Pale yellow abortive type (MS-4)
g: White abortive type (MS-27), h: White and small abortive type (MS-2).

Five types of anther color and shape, classified at anthesis in male sterile mutant lines.
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Plate III. Process from microspore to pollen grain in normal type strains.
a: Pollen mother cells,
b: Pollen tetrad,
¢: Uninucleate pollen liberated from tetrads,
d~h: Development of microgamete during uninucleate stage,
i, j: Binucleate pollens,
k, I: Trinucleate pollens.
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Plate IV.
a: Dyad stage of pollen meiosis,
b: Uninucleate microspores liberated from tetrads showing the initiation of tapetal
degeneration,
c: Normal microgametogenesis showing regular degeneration of tapetum.
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Plate V. Classification of pollen-breakdown in male sterile mutant lines. Major abnormalities

occur in different stages of pollen development from a to h.

a, b Abnormality of sporogeneous tissue
a: Showing the empty anthers at anthesis,
b: Transverse section of young anthers showing failure of meiosis.

¢, d Abnormal microspores liberated from tetrads
c: Multi-nucleate microspore,
d: Transverse section of anther showing the formation of giant microspore.

e, f Tapetal abnormality
e: Transverse section of anther showing tapetal periplasmodium,
f: Transverse section of anther showing lack of uniformity among anther loculi.

g. h Abnormality of young pollens
g: Transverse section of anther showing swollen pollen grains lacking microspore

walls.

h: Pollen grains sticking to anther wall found in the maturated anther at anthesis.
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Plate VI. Breakdown of pollen grains found in the different types of male sterile mutant lines.
a: Pollen grain ceased at late uninucleate stage,
b: Unstainable abortive pollens stained with I-KIL.
c: Pollen grains ceased at binucleate stage showing incomplete deposition of cytoplas-
mic substances.
d: Pollen grains stained with I-KI showing several stainable pollens.
e: Trinucleate pollens.
f: Pollen grains stained with I-KI showing normal accumulation of starch.
g: Normal pollen germination on the stigma (Nihonmasari).
h: Ungerminated pollen grains located on the stigma (MS-25).
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Plate VII. Comparison of pollen development between male-fertile (left) and cytoplasmic
male-sterile (right) strains.

a, b: Pollen grains one day prior to flowering, stained by the iodium potassium iodide
solution (I-KI).

¢, d: Transverse section of anther in uninucleate pollen stage, showing a normal tapetal
development in both normal and male-sterile plants.

e, f: Late binucleate pollen stage, showing no difference between the both normal and
male-sterile plants.

g, h: Pollen grains in four days prior to flowering, stained by iodium potassium iodide
solution (I-KI).
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Plate VIIL.

Comparison of pollen mitosis between male-fertile and cytoplasmic male-sterile
strains.

: Metaphase in the normal plants (A-133).

: Metaphase in the male-sterile plant (I-127).

. Anaphase in the male-sterile plant ([-127).

: Telophase in the male-sterile plant (K-11).

- Normal pollen grains possesing the two wedge-shaped sperm nuclei in K-12 (e) and

1-128 (g) strains: Note the vegetative nucleus loosing nucleolus.

: Abnormal pollen grains in K-11 (f) and I-127 (h) strains: Note the abnormal sperm

nuclei stained faintly and the nucleolus of the vegetative nucleus stained intensive-
ly by carmin.
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Plate IX. Pollen grains of F, hybrids between japonica and indica strains at the stage of one
day before anthesis. Stained by the iodium potassium iodide solution (I-KI).
A: A-133 (parent), B: 1-45 (parent), C: A-133XI1-34, D: A-133XI-44,
E: A-133X1-45, F: I-44XA-133, G: A-133XI-100, H: A-133 X E-48.
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Plate X. Pollen grain types found in the F, hybrids between japonica and indica strains at the
stage of one day before anthesis. Stained by carmin and squashed throughly.
A, B: Normal pollen grains; Note the two wedge-shaped sperm nuclei and the vegetative
nucleus loosing the nucleolus.
C, D: Abortive pollen grains (trinucleate stage); Note that the irregularly shaped and
faintly stained sperm nuclei, and that the nucleous is remaining intensely stained.
E, F: Abortive pollen grains (binucleate stage); Note that pollen grains ceased at the
binucleate stage.
G: Abortive pollen grains (uninucleate stage); Note the small uninucleate pollen
grains. Pollens of this abortion type are rare in comparison with the other types.
H: Empty pollen grains; Very small pollen grains completely aborted.



