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BEEY DL OBNT, FOHREMBHiRE
KRR B X, EDWARDSON (1970) i #liuiE 25
B BRELEE S, AREYERLT A HRET &
ik —RB—R L BRI, ik by Eoay
D R BERC R A REORRARE, S
FRTBHEHSHD (BECKETT 1971), F/, 22 F
TILEBEOME Y v I s FRT v e =a o FE
WEATAHRIZ > THEETRYFHRE L, BEMcOoM
JREOHEEHNIEEEOME & DBEIY: & AT 2 AR
bicX T3 (TSUNEWAKI and ENDO 1973),

—7%, 4 KINOSHITA and TAKAHASHI (1969,
1972) 13 CAZE A BN B BRI £ 5 Il E fE R
BOAAFRCHY L, T bhic i g
BoOTF CoOERREREERL, BRBROTHRMRE
S) wRhBI0LRBERDEHER U, FLL, ZOF
LWARSHE 2 MmO S filE & ik R e b, Tictt/R
FERTLLOEREVCIHERBCHREIR DL, Thik
BERSHREERI T ABNERIC X » TERE
LB bhicFOEMT LD, EiRkcroFIMk
BRETIREGETFLRABRLEREYEL, BOoT0E
BUNABEBREBRC X > THEAIWB L MRS LR
THDOEE-TRY,

Tl

EREBRIIN L~ — ST X o CIEH LB O R
TRAHE AT, TRECEEFREZEN, FraR
HEFREDORR ALY L &5 T &R FET SRM
B OE RN Y LS LD TH D, BhRicks
By, fFHRE O T B B AT b % T i
BERCHEL SOTH D, Lobk«OMEEAHRD
S &, EFRAFHAHRETYEOME Rt 5 WHEK R
R LT, M, TERREEEEEET OREOL
TILEE DR BAER RS A CEM A F 2 B
TWBR, TIRBZO—HOEEHET SIcIEDT,
AT ABICELD, BEARHE LTRkEIEE
BEABRB TAERORERKO—Tr B o Hx &
TRl AHoMESCELTHEYRTORET
BB,

EBRMHRUAE

AERIC B L Ml BT R R R O R EE R B
Ffih—4E LT Table 1 iR Uiz, T OREM RIS
7-60, 7-114, 7-130 U8 7-165 1% Al 4L 4, 1E 7 B 4 fa &
(N} %7 2 BHERH H-2002 DR FIC 8 15 8 50kR
FLATH < —BBHE LER I oTH B, Ab,
FTRHET LD o\ (M BEF) ok xico>nT, B
BT CHRELTV My FE Uic, BRI ORR
M, BETITb R, LB bhit48Eor-%

1) degEdkssrREYEEL RS ER
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Table 1. List of strains used in the experiments

Strain Type of crop Type of cytoplasm** Germ type
7-60* Sugar beet Si-2 Multigerm
7-114* do Si-4 do
7-130* do Si-3 do
7-165* do Si3 do
H-19 do N Monogerm
H-19MS do S do
H-2002 do N Multigerm
K-strain do S do
TK-81-O do N Monogerm
TK-81-CMS do S do
SLC-129CMS do do do
SLC-133CMS do do do
TA-1-CMS do do do
W 162-6 Table beet N Multigerm
W162-A:4 do S do

* Cytoplasmic male sterile line induced by gamma irradiation.

** N Normal or fertile.

Fodfh s My T AR-b BAR LcfEAd o A T
H5o

Fie, HROREMEE (S) #RETHHERFE L
i, TAZE H-19MS, K, SLC-129CMS, SLC-133
CMS, TK-81CMS } O'F—E4FR# TA-1-CMS I
Pres —TvE— W162A :4 O 7 RiEx B 7208,
HRFOLEREMD T Tablel kA bR 2L THh 2,

BIERZHEC X - T, HEMETRARH L D BALESLT
RIS AR-D BEEYEEE L, chbiciiihg
% ¥t H-2002, H-19, TK-81-O BU* W 162-6 % Jil L7
A, F o H-19 B0 TK-81-0 i1t B EET %,
T W 162-6 LB RTHBEFIOCREOHEEICET
LEHEOEBRETEYRETIRERFHKTH 5,

S; Sterile.

HA RN T T E R RN ERES TRE S
, HEYERRE OB R O ¥ (NAGAO and KINO-
SHITA 1962) ik > 7o, BIBIEHER (N), #orfe-all
(S.S.a), WHAFR-bE (S.Sb), KU ELFHY (CS)
D ABERDOEAT TH B,

-

1. BERREOEREEXESERE

H-2002 X b el Ehic 4 8 O REN: RESR AL 7-60, 7-
114, 7-130 BN 7-165 122o\WT, Meymb Mz ~, Eio
M; b My ~OfETRE O EER RN L AELL,
Table 2, 3B b DML, ORI THHESER
otk (SSbARVC.S. &) (LB EER T BRI5E

Table 2. Phenotypic distributions of male sterility in M;z lines
" T e -
e Phenotype Phenotype of Mj line Total Seed setlt.;r;g e(‘?i)))f

of M, plant| N S.Sa S.Sb Cs. mean | T8¢
7~ 60:206 C.S. 2( 2)% 14(13) 52(49) 39(36) 107 (100) 66.5 30-96
7-114:778 C.S. 3( 3) 10( 9) 29 (26) 68(62) 110 (100) 64.3 15-94
7-130:419 cs. 19(24) 14018) | 21(27) | 25(32) | 790101y | 764 | 45-94
7-165:465 CS. 0(0) 2(3) | 45(75) | 13(22) | 60(100)| 664 | 3593

Homogeneity: ¥2=8231, d.f.=6, P<0.01.

* The percentage is given in parenthesis.

** N: Normal, S.S.a: Partial fertile, S.S.b: Sterile and C.S.: Complete sterile.
N and S.S.a were pooled in the calculation of chi-square.
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Table 3. Phenotypic distributions of male sterility in My lines
Line Phenotype O?el\e;é ;elgit Phenotype of M, line ol Seed setting (%E
of My plant| >~ 35 N | ssa|ssb | cs | T | mean [0
7— 60-206:598 C.S. 91 11(13% 4( 5) | 23(26) | 50(57) 88(101) 74 23-97
1617 C.S. 76 12(31) 6(15) 9(23) | 12/31) 39(100) 68 31-90
1628 CS. 86 0(18) | 6(12) | 20(41) | 14(29)| 49(100) | 72 53-86
1645 CS. 89 5(16) 4(13) | 10(32) | 12(39) 31/100) 69 42-91
1650 C.S. 87 9(13) 7(10) | 19(28) | 32(48) 67( 99) 70 26-88
7-114-778:727 C.S. 75 7(19) 2( 5)| 12(32) | 16(43) 37( 99) 67 38-96
1736 C.S. 73 6 (10) 2( 3) | 32(54) | 19(32) 59( 99) 73 40-97
1750 C.S. 77 10(13) 6( 8)| 27(36) | 33(43) 76 (100) 81 28-89
1763 C.S. 81 22(23) 6(17) | 30(32) | 27(28) 95 (100) 68 23-95
1773 C.S. 85 20(27) 5(7)| 35(47) | 14(19) 74(100) 75 35-89
2775 C.S. 74 18(35) 8(16) 7(14) | 18(35) 51 (100) 79 50-98
7-130-419:544 C.S. 87 32(42) 7(9)| 13(17) | 25(32) 77 (100) 64 43-89
:546 C.S. 83 7(20) 4(11) 8(23) | 16(46) 35(100) 75 40-93
:556 C.S. 83 7(15) 2( 4) | 20(43) | 18(38) 47(100) 72 23-97
1557 C.S. 83 7(12) 4( 7)| 14(24)| 33(57) 58(100) 67 35-81
:560 C.S. 83 14 (28) 2( 4) | 13(26) | 21(42) 50 (100) 73 49-92
7-165-465:681 C.S. 68 16 (18) 7(8)| 35(39) | 31(35) 89(100) 75 45-93
1682 C.S. 65 1( 4) 2(9) | 13(57) 7(30) 23 (100) 66 32-91
:695 C.S. 70 6(6) 5( 5) | 47(47) | 43(43) | 101(101) 69 42-83
1698 C.S. 62 1(2) 2(5)| 20(48) | 19(45) 42(100) 69 27-95

x2=142.98, d.f.=40, P<0.001.

* The percentage is given in parenthesis.

Homogeneity :

N and S.S.a were pooled in the calculation of chi-square.

ENTCBENHD, B, Mad b Mz ~L59~97%,
Ms 235 My ~i% 49~93% & 3R EWRERIR IR T
BD, #oTo iR I Tu 2R IREN
HBERIZRZHDOEEBLTE G,

EKBERG (1969) {37 4 & ¥ D ABFHRIC X 2RO
R, 1) @E> 2) Mz, 3) 25% 0BT ARE L 4)
50% OFEFHERMBATRRD 5) bk TEGROL
BT, osEryBE L, chbol, #5 0/
BETERTRIAS TR TSP, MIREEETRRICS
WTRER IR TR, Ef, TAFTIRER XL
BiC k- T, BEFEETRIBEIhCFH (OWEN
1952) 3% 0, ARERICRTH My FHFCIREHEOT
BULEEhTWEEAERRE S S, L, o
Bk - fo iR T b My TRE > &, LM,
ERREEINTEY, M THERERCY > TET

EFEREOE VBT BRI TCCIEY LI BET L
b, ZRDORBIEECTFRAERPRAANRE
B5doTiial, ErRBEERLERT LA TR
WThHAH D, ¥, 7-160 DHERFT HMEETFRICE L TiX
Se EHBMARE 2T 5 FERH H-2002 & DR
EET X D HIRE B 2 BT\ 5 (KINOSHITA
and TAKAHASHI 1969),

F7z, JINKS (1964) 134 5 2 A THIBR TV K
HaE R (Davermodification) * REERMAREER LB
LT HDH, &7 JHOBERFRET My R E DL,
HENEEREYHELTED, o T tHR
Shi-fiREERL, EAREEOHR VR L FELHELH
*%,

%, Table2 Ro¥ S 1om Lictn <, Ms Bt My Rfi
FTRCELABRBEGEORRTH LSBT, HEHER
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faaBomMBHET, BRETTRAE L Twi, Ih
3, BERSHToRE It Y ToMlEni X h
TwisbARAURBRE SEZ DD, ICEHE
R D, MRERET LBORETOMEERCH
HBRENERRFE SN LB LATRELSHD, 0
S L TRIECRET R Iz 7o

2. ST RMERE S REEELRET EOME

£ HEMERES RACIC DV TTER R B R v ORI B &
BT 2510, £RH0 My It U iia Rig-b F &
VLRI EGLRAL L, Zhbic 4 EoERhBE
f H-2002:1, H-2002:2, H-19:1 B0 H-19:2 %253 L
72o AROHEHESRIR T F1 i~ RA (SSbh K
U CS) oAb iREEER (N 3L S.Sa) OoNlay ki
2, ThBm oM e REG S REEEMER T
DNTATF O THoeBEM I hb, T F ok
o175 B i 4 ] T AT 2 a7\ T SRR A L7,

i, S MIleEAE T HRERM H-19MS o T

Table 4.

H-2002:1 85tk H~2002:2 & &M X D Fy RO F, T
DRIBT LT -> T, (EHRFCRT 556 & DL
RBIE L,

S HRBEOT T Bt OB 2 WO SRET
X, ZHEEL, X 3BiRgET » & ESEHRC S
(NAGAO, TAKAHASHI and KINOSHITA 1962), #E
BT b H-19MS:822X H-2002:1 0 Fp Mo %5
L, N+SS.2:5.8.b:C.5.=9:6:1 ORI ABMMBETS
BENE B (Table 4), Bic X & m & OfciIME|T
23.4% Te DM EH &1 (Table 5), %7, TEB
B H-2002:1 208 H-2002:2 DR FREAF AT o B
(XxZz) LHETS 75 bif, FrToONEES N+SSa:
S5.55:CS. =1:2:1 e 2RI HE L, B Lo
FXTC NAGAO FOBETFRIXLEHC ZRHETHL
D &I o1,

THIER LT, Briciefie BRI R TR TE
B 0B N EME & 2 X OEETFOREER

F, and F; segregations of male sterility in the crosses

between H-19MS and specific pollen parents

Cross combination Male sterility Goodness of fit
Female Male | Generation|n gq.l ssp | cs. | Total | [ar| p
H-19MS:822 H-2002:1 F Obs. 5 8 3 16
' Cal. 400 | 800| 400| 1600 033 |1*%|05-07
(1:2:1)
do do r Obs. 102 73 26 201
2 Cal. 113.06 75.38 12.56 | 201.00 1553 | 2 <0.001
(9:6:1)
do H-2002:2 P Obs. 10 20 15 45
' Cal. 1125 | 2250 | 11.25| 4500 | 167 |2 |03-05
(1:2:1)
* S.8.b and C.S. were pooled in the calculation of chi-square.
Table 5. Linkage relation between the gene m, for monogerm and the
gene X, for pollen restoration in coupling phase
Cross: H-19MS:822 (C.8.)x H-2002:1 F,
Germ type Multigerm ! Monogerm
T Male fertile Male sterile Male fertile Male sterile
Male sterility | “N" g5, (S.S.b, C.5) (N, S.S.) (S.S.b, C.S) Total
Genotype XZM XzM, zZM, xzM XZm Xem, xZm, xzm
Obs. 89 62 13 37 201
Cal. 97.51 53.24 15.55 34.70 201.00
(RC.V.=23.4%)

Recombination value=23.4+5.63%.
22=2.74, d.f.=3, 0.3<P<05.
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DD BB R TIRREK L b b is 2, 2EET OER
DEHFE TR S FRET LA ER B E 2
Hbt, Bl 7-60:213x H-2002:1 © Fp 7Bt N+
8.8.2:5.8b:C.8.=9:3:4 Dl L b, 2ROBREEER
BETON—HDOEET L — LM OB L — iz
LT LA mTHEL D (Table 6),

B 7-130 LUV T-165 @ 2 ki A VAo M AT
1, Table 8 RU'9 izt N+S.5.a:5.8.b:C.S. =
12:3:1 72 F, @B S ey, THIL2EETOR

Table 6.

D—HOEUET L — LI FDSET L — LV iek LA
CEBEDOHEBRHTH D, 20 HBEFREDOZLME
AEEEDOF Sl b LMD BRI LT, TERBEHE
#5 H-2002:1, H-2002:2 R0 H-19:2 434 ~« 2 }toEHE
BEFEAToRE L, BEOSLTPREBALIEHS
WH-TH B ERET S HE, FL T N+SSa:SS8h:
CS.=2:1:1 0 HENB LI 2ETH D, Ti, AR
b TEGL AL LTI, BEAOBETHNIT
R ERTHER O WTESE R TOBE411:1:0, Th

F; and F; segregations of male sterility in the crosses

between 7-60 and specific pollen parents

Cross combination Male sterility Goodness of fit
Female Male Generation N+S.S.a| S.Sb C.S. Total x2 d.f. P
7-60:213 H-2002:1 F Obs. 21 21 4 46
(C.S) ! Cal. 11.50 11.50 23.00 46.00 10.46 1* 10.001-0.01
(1:1:2)
Cal. 17.25 5.75 23.00 46.00 1.30 1* 0.2-0.3
(3:1:4)
do do ¥ Obs. 286 95 110 491
z Cal. 276.19 92.06 | 122.75 | 491.00 1.77 2 0.3-0.5
(9:3:4)
do H-19:1 r Obs. 6 6 8 20
! Cal. 5.00 5.00 10.00 20.00 0.80 2 05-0.7
(1:1:2)
Cal. 7.50 2.50 10.00 20.00 0.48 1* 0.3-0.5
(3:1:4)

* §.8.b and C.S. were pooled in the calculation of chi-square.

Table 7.

F; and F; segregations of male sterility in the crosses
between 7'-114 and specific pollen parents

Cross combination Male sterility Goodness of fit

Female Male | Generation N+S.S.al SSb \ cs. | Total | e | gy P

r-114:783 | H-9:2 | Obs. 23 24 8 55

(S.S.b) ' Cal. 2063 | 2750 | 6.88| 5501| 090 | 2 0.5-0.7
(3:4:1)

F114:775 | HA9:1 | Obs. 29 28 0 57

(CS.) Y Gal. 2850 | 2850 0.00| 57.00| 002 | 1 0.8-0.9
(1:1:0)

do do F Obs. 66 31 4 101
? Cal 56.8L | 37.88 | 6.3l 101.00 | 340 | 1* | 0.05-0.1
(9:6:1)

do H19:2 | Obs. 12 31 4 47
' Cal 1175 2350 | 1175 | 47.00| o001 | 1* >09
(1:2:1)

* S5.8b and C.S. were pooled in the calculation of chi-square.
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Table 8.

F; and F, segregations of male sterility in the crosses

between 7-130 and specific pollen parents

Cross combination Male sterility 1 Goodness of fit
Female Male | Ceneration|nigsal ssp | cs. | Total 2 | af | p
7-130:424 H-2002:1 F Obs. 8 11 0 19
(8.5.b) ! Cal. 9.50 9.50 0.00 19.00 0.47 1 0.3-0.5

(1:1:0)
do H-2002:2 F Obs. 15 26 0 41
! Cal. 20.50 20.50 0.00 41.00 2.95 1 0.05-0.1
(1:1:0)
do H-19:2 - Obs. 28 8 0 36
! Cal. 18.00 18.00 0.00 36.00 11.11 1 <0.001
(1:1:0)
T-130:425 H-2002:1 F Obs. 10 8 7 25
(C.S) ' Cal 1250 | 625| 625| 2500 | 108 2 0.5-0.7
(2:1:1)
do do - Obs. 35 14 6 55
2 Cal. 41.25 10.31 3.44 55.00 3.79 1* 0.05-0.1
(12:3:1)
do H-2002:2 F Obs. 19 12 10 41
! Cal. 20.50 10.25 10.25 41.00 0.41 2 0.8-0.9
(2:1:1)
do H-19:2 P Obs. 10 6 0 16
' Cal 800 | 400| 400 1600| 100 1* | 03-05
(2:1:1)
do do P Obs. 30 9 1 40
? Cal. 3000 | 750 | 250 4000 000 | 1* 1.0
(12:3:1)

*

MATF 0 OBEIT 4:3:1 O F1 BN & R b5,
Z ORISR, KBCABEoMAE TR LR
(Table 8, 9), M, 7-165:461xH-19:1 KU\ i-165:478
XH-19:1 0 Fy S 1:1:0 o b & fr - 7ol 16
BBEA H-19:1 R L ORI F v T 55 8
HEETHoTBLHEZND,

M, D EOZMERYE L CERECHTLIERED
DT LA E GRS — e h 2 EEM IR X 5,
ZRBRBEGE TPV RC RS 58, EATERRM
DOEFCTREERS, ARG T N O 2 DREE
A, A IEERRTEVNHELRIT LT BHERL
Tuwho BFL, 3RHEDOERICRTS 2 HOBMKEIHEE
BET OEROMLS S EERHK (H-19MS) 054 & B
N LAY A Sl =11 b A

—J7, T-114 R Tiz N+S.S.a:8.8.b:C.S.=9:6:1 /¢
5 F, HEE B LR, 2HOEEERET O FEAERIR

S.S.b and C.S. were pooled in the calculation of chi-square.

S fREOBAE & A TH - (Table7), EL, 7-114:
15 % BARE Lic288ED F 5823 1:1:0 Kot 1:2:1
E BRI oD ERE H-19:1 R Tit—H D EIERE
FEMEM R E, AN F 2 Th D, H-19:2 TII
AT o THothEELDRD, Bl EOBC YR
MBS EEToFROE T a0 X, ZOBA L
LZLWiAbhED, FLEZOBEILTLIA—TH
BERELT, ChieB L TREHT L0 TH D,
3. BHEREGRETFORE

4 OB FHEERRBRIOTR T, TofehfiiolmE
BN AL b 2 HOBRETFAE L LT3
B, Fh b 2BETOEROMLEFIREHT, S
BT COBE L IREDENFECTHIL LT, TE
IREEE S E Ul d HBREHE ROV
FTo3EORREEET HELHEERL 5,
1) HEBAE - TX, ZOHEEBORT DR
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Table 9.

F; and F, segregations of male sterility in the crosses

between 7-165 and specific pollen parents

Cross combination

Male sterility

Goodness of fit

Female Male |Cemeration nisgal ssp | cs. | Toral 1o | qx P

7-165:471 | H-2002:1 | Obs. 24 14 9 47

(S.5.b) ' Cal. 2350 | 1763 | 588 | 4701 242 | 2 0.2-03
(4:3:1)

do H-2002:2 | Obs. 14 10 , 8 32
' Cal 1600 | 1200 | 4.00) 3200] 050 | 1* | 03-05
(4:3:1)

do H-19:2 F Obs._m 23 9 4 36
bCcal 1800 | 1350 ] 450 3600 278 | 1* | 0.05-0.1
(4:3:1)

7-165:478 | H-2002:1 | Obs. 29 32 4 65

(S.5.b) ' Cal 3250 | 2438 813 6501 075 | 1* | 0.3-05
(4:3:1)

do H-2002:2 | Obs. 13 13 3 29
' Cal 1450 | 1088 | 363| 2901{ 031 | 1* | 05-0.7
(4:3:1)

do H-19:1 5 Obs. 17 10 1 28
' Cal 14.00 | 1400 000 2800] 120 | 1* | 02-03
(1:1:0)

do H-19:2 5 Obs 38 19 1 58
' Cal 2000 | 21.75| 7.25| 5800| 559 | 1* | 0.01-0.02
(4:3:1)

7165461 | H-2002:1 | Obs. 9 5 0 14

(C.S) ' Cal 700, 350| 350| 1400 114 | 1* | 0.2-03
(2:1:1)

do do . Obs | 257 77 18 352
Z Cal 264.00 | 66.00 | 2200 | 35200| 275 | 2 0.2-0.3
(12:3:1)

do H-19:1 - Obs. 15 5 0 20
' Cal. 1000 | 1000 | 0.00 | 2000| 500 | 1 | 0.02-0.05
(1:1:0)

do do . Obs. | 179 66 20 265
2 Cal 198.75 | 4969 | 1656 | 26500 | 803 | 2 | 0.01-0.02
(12:3:1)

do H-19:2 E Obs. 28 8 1 37
' Cal 1850 | 925! 9.25| 37.00| 9.76 | 1* |0.001-0.01
(2:1:1)

do do E Obs. 159 56 20 235
2 Cal. 17625 | 4406 | 1460 | 23500 | 684 | 2 | 0.02-0.05
(12:3:1)

* $Sb and C.S. were pooled in the calculation of chi-square.

Bl B AU, — B ORI RARELS LR

THhote

2) &S LyRMOFRMBEIFERZ IR, Thicy

BLTX, ZOBHEFMER DB LI,

3)

S LR OTHMREI BRI h, SHREADOT
TR X, ZERDHFTERET I REECDEE
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Tt otz

IhbDMhAR S FSEY BT A RIT5AIC
BEFE ORTRMEMERE R FERH (C-B) AV CRER
HEfrole, Hb, FHLLIFEARMAEC X8t Z
DA OEBETFIMEBLTWARBE, chbo OB
T-RMIE S UTHER RS LTER LAV B E3H - T
By,

Table 10 wr3a<, S MRELYETHBERF L0

DOELEAREBEGEYREAL L, 280 O B W162-6
RU TE-81-0 & D22 3 % 47 » 7o 4, AT H-19
MS:821X W 16”0 3 oA i 1 Hk, K-2XW162-
6:4 DA 2107 . OMOSTF-b BAGUSRIHE L
Teblgbes, Za B0 ET, R THRLZOH
BEEIA S X, Z %58 B8 (xxze) THT 2 E2
b, TR LT, 7-60, 7-114, 7-165 O 3 Ffk X
D OFELARREEE L AL Lichail, kilezs

Table 10. Frequencies of the male sterile tvpes in the crosses between
C.S. type plants from diffcrent sources and type ‘O’ plants
Phenotype of male sterility
CS. type Type-O N ssa | ssp | cs. | Total
7-60-213:1 W162-6:4 2 3 15 25
7-60-213:2 do 4 2 12 22
7-60-213:3 TK-81-0:1 3 5 24 104 136
7-60-213:4 do 2 1 2 3 8
7-60-213:69 W162-6:1 14 24 15 40 93
7-114:775 W162-6:2 1 7 12 30 50
do W162-6:3 3 7 13 20 43
7-114-778:1 TK-81-0O:1 19 4 12 54 89
7-165-461:203 W162-6:1 25 1 22 49
7-165-465:2 W162-6:4 0 6 8 14
7-165-465:3 TK-81-0:1 0 2 23 49 74
H-19MS:818 W162-6:3 0 0 0 25 25
H-19MS:821 do 0 0 1 30 31
H-19MS:822 do 0 0 0 34 34
H-19MS:822:2063 W162-6:1 0 0 0 32 32
H-19MS:826 W162-6:2 0 0 0 19 19
WI162A:4 do 0 0 0 50 50
do W162-6:3 0 0 0 50 50
K:1 W162-6:4 0 0 0 82 82
K:2 do 0 0 2 162 164
TK-81-CMS:1 do 0 0 0 45 45
TK-81-CMS:2 do 0 0 0 11 11
TK-81-CMS:5 TK-81-0:1 0 0 0 17 17
TA-1-CMS:1 W162-6:4 0 0 0 14 14
TA-1-CMS:2 do 0 0 0 6 6
TA-1-CMS:4 TK-81-0:1 0 0 0 65 65
SLC-129CMS:10 do 0 0 0 5 5
SLC-133CMS:1 W 162-6:4 0 0 0 12 12
SLC-133CMS:2 do 0 0 0 21 21
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TR EBCEFE, BHOTRR-a®, ROEITHR-b
HMoL TR FN SO E SN L, itz z
CITEHE W 162-6 33 TK-81-O i3 ifk F i 4 11
Bz s 2 R BEREE T 2 — A bAT BT
BIRTOLERTFHEINS, '

W162-6 12 ZEER O RHBOE BB T 2 B E DR
ZEFHELTED, cnéox@o FLEEITXTHE
BRI LI b, BEIEHORACHESREREOT
BEMIIEE T DB o, Fhe, TK-81-0 LOBRE
RMIELTBELHC LS DTHY, TOERTD
EER LOMBEIXI, o T kBB LhICREEEIE
BoFHIZ O MIEBRBEECATF e CRETh Tw 12
LeAD X, ZUHNOBRETONECELIOLE L
LONEYTH S,

HAFRIRERECkK <« FREBHLTRERNEET

LMo X ROV Z L oA ToBETREERIIER
EETTTHB, L, TEHRAEEEOBREEEIEH
R & IR DRI TR - T B HIIBHEETH

D, $ic 7-60, T-114 B0 1-165 OFRBMBEE L S Lk
RBAC, rhbiik X, ZUAOE el BEERE
FOEREEHTEFRTIHEITETHS 9,

—F, LLEOWEYZRHTHEE D BEEETm &
OHEBOM AL/ bhte, FIBERLD S MlgE Il
AT X ixm & EBHERD 5HIMBR T B,
SE Y % R E TR 23.4% O HRI A DL T 88
B Bifc (Table 5), &z A2, ZhERRLT, I-%
Hid BT D Fy Tk Table 11 i 7-114:775%X
H-19:1 o &8 Cigu - Hgs (JIRfl, 43.9%) sUREh
T B AT L BEMLUTRWERLE o,

Table 11. Combined segregations between the gene for monogerm
character and the gene for pollen restoration
Cross Germ type Multigerm Monogerm Fitness for ind. ratio Linkage|R.C.V
e - - - - inkage|R.C.V.
combu:iaon stlc\a{?lliiy Fertile | Sterile | Fertile | Sterile Total |, d.f. \ P phase (%)
7-114:775 Obs. 48 27 18 8 101
X Cal. 42.61 33.14 14.20 11.05 | 101.00 | 3.68 3 0.2-0.3 T 439
H-19:1 1 (9:7) (3:1)
7-130:425 Obs. 23 5 7 5 40
X Cal. 22.50 7.50 7.50 2.50 40.00 | 1.24 2% 0.5-0.7 T >60
H-19:2 1 (3:1) (3:1)
r-165:461| Obs. | 195 13 50 7 | 265
X . Cal. 186.33 12.42 62.11 414 | 265.00 | 1.72 2% 0.3-0.5 T >60
H-19:1 1 (15:1) (3:1)
7_165:461 | Obs. | 157 15 58 5 | 23
X . Cal. 165.23 11.02 55.08 3.67 | 235.00 | 2.16 2% 0.3-0.5 T 48.2
H-19:2 | (15:1) (3:1)

1) In first and second crosses, ‘Sterile’ class contains S.8.b and C.S., while S.S.b is included in
‘Fertile’ class in the other crosses.

2) *

D EoR#c i o, MRERAERCE-> TN
WM 5 S L RERMOBEHBEOTRMEL,Fi &

1,

hbiir X Bk Z LR AR EEE

BEFIMERALELT LT RERILY I CEATS
DHREYD L5 TH D,

(-7
afl

E]

Bk B i E b b BN REEASSE L,
Tod 2 M - BE-CRREERYT - T LhoEE s

Male sterile types in ‘Monogerm’ were pooled in the calculation of chi-square.

245 2 5252 MICHAELIS (1954) O 7 h XN+ B4 Fl v
c—HOBRIC L - THM IR, ), I3 AFEIC
RCLEBRE L R0 & ¥ oKBRI X D BERRE
AR T 4 DRZMREEIEH X (KIHARA 1951,
1967), R EAVEBE R < REMRE O F Lo
MNP T\ 5 (TSUNEWAKI and ENDO 1973),
¥, BEEY DL OB TILE « BREM» LR
TREMRESRE SN THFENFRACEIR TV B,
it by Er 2o A—ERCREERCRM D 3
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BOFRMRENE TN, R2PE R ARt EE
BEEFLERENTCHIEL TSR MO TV B
(BECKETT 1971),

—7, TAFCRTE, MIQEEERRR BEHRATE
roTHEIhE 5 HEH KINOSHITA and TAKA-
HASHI (1969) = X » T TR X h, £TFEEHEOE
HRMBE R H-19 X b 720, 7-27 B0 7-54 D 3 Bk
2%, WWCHEEIEE B E R4 H-2002 X b 7-60,
7-114, 7-130 0O r-165 D 4 ZEAMEH I hic, AR o
TR h bor H-2002 BED 4 R a il -0, *
2 ORETHHETRSMR D REEOE V- AIREER
% DTHLBIRREM U COEREEN M, 275
WE MR I TS5 (Table 2, 3) BB AT
» %5,

BEL, ZCRHEINACARAREIEREN B%KD
SHRBELR—THB LRATE2RORE ST, BAHRK
5L 0 THHEFERRTHENMER R EEEOBET S
#7 (Table 6-9) X v Hhtc, BId, NAGAO and KINO-
SHITA (1962) iiliuiE, S HIRE O T CliiEgfiEom
Bre2xomEttT X, ZrEETsE3hTsh,
CDRFEDOELHIIARBICN THRED O 2 AT
H% (Table 4), KB, FHRBROTHMBEDT
T 2 R OIEB RS R ERE R FOMEIERA RS bR
b D0, 2HEETORAOLEIFL S HIETFOTHh &
L, TRRKECLRLIHABLALRILDOTHE, B
S HMIRE R 35 O Bfsk (Nxxzz) 2TEWER
R ICHRERHE O f5E (Table 10) 13 7-60, 7114 B
O 7-1656 DE T AT RMRET X RO Z Aot is
RUEREZEEFIERAEZED LT\ 552 w3

H-2002H-19

Type ot cytoplasm

Y
—(]
1
N
y\
\EE
S,‘—-l

Fig. 1.

LD THoI, M, FRRMRECHRIETSE 40
HREFEORERSEOFRMIcMINIR IR b
WA, BEMEEET & OMcHEEORD bRV HT LD
h (Table 11), Zh bt KTk X BEOBETFOBER
Tt EHEIND,

Fig. 113 H-19 X » I SRR R/ 720 RO
7-27 i B3 % K (KINOSHITA and TAKAHASHI 1969,
AT - B8 1972) # &t ¢, R RtmEREET D
EAEROME L W #EE S h B TRMRER O R 4
RRLibDTHo, &2 EE L 4BORGHEREG
(Si— Sip Sy BOS,_ )1, WTFhi ABRRER
CXoTHRINIL DO TH B A, BB FLK
HOZUMAIRET HIBAEOL, REEEZKRET
O BB IITHRCH D T3 280, BEL,
FLbZORTMREMOERNEFEHERE» S0
REZBETHEBELTVRET 5D, MRERET
DORMYETE ETC—o0RKECHMRE X B
t%o

Flo b U LT, EEACHVWbhTERLT
R MRESRERREO TV -2 W U B Y
CRREY RTHEIHE L, Lo mBoRBRHE
CTESILDNEENE T TS, B, rYEnIvEH
IR T, PRAREOBRELZ ho A LBTERER
Frle B L 7 b (DUVICK 1972), i Tiz s hisndE
BR300 L LTREMOLRRMEE OEAFH
(Multiplasm =) % ##2 2 #17 (GROGAN 1971), # -
T, SRIOHROM S, MERLERT & hHEEORRR
TRMAE B I NG HFEENE R S hicEy, B
Bt leh DREBELI DD EE LD,

F» segregation mode

N 4582 SSh cs. Line
3 : 1 y-27
9 3 4 v-20, 60
12 3 1 7130, y-165
9 6 1 y-114
9 : 6 : 1 H-19MS

Genetic scheme showing the different cytoplasm types induced

from the normal cytoplasm by means of gamma irradiation.
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1) TARRRTUL, WEHRAERT X - THRBEREE
TRBABECHFEI N, AR EH M E %
B 55RH H-2002 2 HIEH S i 4 MO BEMRRBRH
7-60, 7114, 7~130 R F 1-165 # AT o btk
AR OERBRLHED B &, EHRHEEDE
EEREHEN, BREROTRAME OO TeHiic
KR I ARUERE D RMEYRHE Licb 0T
H5,

2) 4AFEOEMFRH O WA T L BRI M,
CEHERELTEBREZ IR TED, ChbOTRK
HRIEREEORVARERRERCER T 5 L#EE S
nic,

3) TR DRBCHC DB T DRI 2 oo
BETOBRENAD LRI, 2EETOEROMAER
ExBRixh, T-60 w72 # TIE N+ S.5.a:58b:
C.8.=9:3:4, 7-130 BO7-165 % i o B &1 12:3:1,
F 7o =114 B LTk o S Bl gIRa E R it 5t
9:6:172% Fy Yt E BRI,

4) SHRBRFCT S O HMRHK (Nrxze)
TRERMORER, “hbhd &b 760, 7-114 RO
7-165 0 3 R LT OB & LTOBELYRF ST,
o CLE3IRM O EMEECR X RO Z L &
HEMEERRET LFEAZELTIOLE LRI,
Fi, SHEBEOTTEDbRBIREET & fRtkEE
BEFO—o X Lo BHEEGHI, 7114, 7-130 RO T~
165 % =R HE SR TREADBRT, BHIhbo
FRAFREC XEOBETIIEBLH LWL
zZ2xhts,

5) IEHRMAE» DABBRRERC LTS LA
A< 3 4 BOMETEMRELFHRE I
Atk EIEREE F OB OMME X Y BHENE SBEE
Ihiz,
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Genetic

Summary

In this report, a follow up of the genetic nature
of cytoplasmic male sterility induced by gamma
irradiation of seeds of a strain H-2002 with normal
cytoplasm is presented.

The results obtained are summarized as follows.

1. Four kinds of male sterile mutants, 7-60, /-
114, 7~130 and 7-165 transmittecl male sterility up
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to M, lines through mother plants at relatively high
frequencies. This shows that male sterility was
caused by cytoplasmic mutation.

2. The mode of segregation in male sterile types
differed among the M3 and My lines produced from
the completely sterile plants under open pollina-
tion. It may be partly caused by the genetic varia-
tion in the cytoplasms of mother plants.

3. The inheritance mode of the pollen restora-
tion was investigated in four mutant lines. It may
be said that two major genes were responsible for
pollen restoration in all types of male sterility.
Further, the modes of segregation in three F,
populations from the mutant lines differed from
the 9:6:1 ratio for male fertile (N & S.S.a), sterile
(S.S.b) and complete sterile (C.S.) which was mani-
fested in the presence of S cytoplasm.

4. Namely, in Fs populations of the crosses be-
tween 7-60 and H-2002, the recessive allele in one
locus was epistatic to the dominant allele in the
other locus, while in the case of 7-130 or 7-165,
the dominant allele in one locus was epistatic to

the recessive allele in the other locus, showing
9:3:4 and 12:3:1 ratios respectively.

5. In the cross between 7-114 and H-19, the
9:6:1 ratio was confirmed in F; population. From
the results of the test crossing with type ‘O’ strains
of table beet, W162-6 and sugar beet, TK-81-O,
however, a different nuclear gene or genes other
than X and Z genes for S cytoplasm, seemed to
be required for the pollen restoration in the male
sterilities of 760, 7-114 and 7-165.

6. In addition, an independent relation was in-
dicated between the genes for pollen restoration
and monogerm character under the cytoplasms of
7-114, 7-130 and 7-165, suggesting that the gene of
X locus is not responsible for the pollen restora-
tion in these cytoplasms.

On the basis of the results mentioned above, it
may be surmised that the new genetic interrelations
between nuclear genes and genetic factors of the
sterile cytoplasms were established as a consequence
of the cytoplasmic mutations induced by the gamma
irradiation as shown in Fig. 1.



