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T5 dojap BETE X WHIREEETSES LY LD
Bh™®, B ALBREAEL L CEravDales VAl
BB, FuYATON v/~ —BRHS, tvERavO
H V=~ 5B\ LEPETF RN XU~ I v
v P ethidium bromide ZLIEEW 4 FEDRITEIHER
HIxhT5, ¥RARERER S EFfilERE~0
BRERERLZLNDEFL v Er 210 2ot
A3V PO THILATED, Liht- CHlME
BTt U 5 R L2 B B RIEETFREIE DR
CELARTEBINLS,

Lo b iR B R — B & 3R & e, R
BRI OSBEEN DS 5 L ERRH R Y L oRE
HIE (alloplasmic) BEHEREICIZIA < R bh HBE
THHOUD, pyxrravei—LIilb, bhEOMN
{ FERIE (autoplasmic) HEMEARTRIC I\ VT H RIS
T %3817

7 v A RV B M E RN TR M O 91T ARCHI-
MOWITSCHY I X 2R BPEHTH D, kT OWEN
72,7 1358 [US18] X b BH Ul Rt o
Behs & LCRRBRMIRE S & 2 oM BB iR
MEIEEERET X, Z L OoREERZIRE Lic, B85
HoOREC S 5B IE FORBPIEROL LT
WDBE TR O LAk R ST A REY ™ B R T
4),82),83),109)’ E!ﬁ%gﬂas) 3’510‘}‘ )] - ‘/%}ﬁ“) 7!3: E 7)‘;
Rigsh, tosfcfihitthim e Ly o BIEET
Sh® et & LCH < OEBRET DT 5 T HE
HR S R 198, UL OWEN O 2 BT REILE
KB OTRED L L W EHYEB B E v
T X\, +52),59),68),111)

TERARFRHE & b E O OB fRic ot X &15 T
LEEEET (n) & OFEED 60 2, fRMEEN: 2o
E B OBEANBIELS REIh T3, HCHlk
BEREELEEREO— 2 L LTEH X h)93).99,9).9%),
i & RIRE RS 2 fF e AU U R =5 — (R
HREOBRY, REPUMEE ST 2 EEOER &
5T B,

LA LSRR & BHT LT, TEM RO MR
HRE B ED DI, PNATFRILAHO 5 <~ F fifoR
WK b B AR AT 5 2 & Y ARTSCHWAGER?
i, FOBOPIRER L o THE LCHESh i,
59,6980 ¥ F- IR DIRR LAV LD 306 i
BT o BT EME L~ TOBESD T b h
o, FREOBE & £ ogIRINZ R L BT 5
EERATLIES TS,

MR E &M LRIENER OB & L
&L L, ATERCE S TREOEENERED
BIBIS SAREEOERAES B IXTh EE R
BERRALA S REEIESDS 5T bhb, HEHR
T4 O ¥ 2 F (determinant) 237 4 L AW L=V —
ABRTTHB & 5 KRBLIERT o = 7202922 7p
ETREIh TV 50, Al aRtBiERd <
75 ~16),47),54),70),90),101),110),115) % {~ Beta macrocarpa
2 A afgRO wild leaf beet 726 b FriciolE R
BRFEREIAD, BEsFRAay, bz, FERE
B ORI B ATMER COREHSLIMES R T
\1\2:)108)‘7

—7%, KINOSHITA and TAKAHASHI®), KT &
B 11 v = — AR« & 5 MRERETROALS
R R L, B85 RAREDT COBRTRERE
W, HEARRO SHRECHT 20 LRERD
T EEIEH L, BRMRESEmMO S EMET B
b, THEEEBICHIEBEERPABNTFRC L > T4
elobhic EoBMHF Lich, AFFCEDT Lk
HREARET SEGET L RBELEREEYEF L, 12X
DERE NATCIIRK LB A WREELZR LTS &0
T,

ARPZE TR T v~ — BB X - THER IR
RERKT I, TEREEEEORGEBELELEL,
K TER T oM T 2 TRERERERCTAIRS
SAEHEROFN ATl i bt fatkm Rk B
THMETOW RS, MRERT L REREEET &
OHEEfER BT s RERRE L LT, filER
REHHEE L, 205 MREMERY e THkE
ORIE| LERRL, RKIShics«r [REMERR
BRE| tPsc bied b, TRETREREFCETS
MR E R bR T Nz, MEERS
LT ABBRC & 5B Rt O WRM ki Bl
TARTO—BE Uiz,

FRICAAEBRF R LeFE MR IOBMETD
D, PHEORT LI D ED T RIEBYI B E LB - 1o
e A A EHFEBEARIEL, RBEATRE
e, 7o b CWHRSRM O & b RAESE)
L, AEFREERABELCEA CRHOBLYRT
%, ¥R RRO—HIERKEGIIBE AR
TAFERE LY 4 A2 vy vKFD BLISS, GABEL-
MAN i & » THR I WA D ThD, RO
EEiwcsd UILe LET %,
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B2E Hov—-BABCLOFRSNE
EHREEoREER

1 # El

7 v A BRECHB SO0 R R
Thi aRER L LEERE» S RIEXhicb o Th
%, —J} KINOSHITA and TAKAHASHI®) |34 v = —
MASRRARE L U CIEEMRER (N) Rt H-19 %
LU H-2002 X b T EOBHAREREEY B, To—
oW T2 My R CHRHE TRREER
R, FERHE OMRSHRRIC X - CHRERE L,
bhhi, L LI hbOBETRAH Y BRENCHA
Toiit, BEMRRER O el iR O E AR
WA R T2 0E D 5,

AFE T3 H-2002 SR o IR ESR A 1% & Bt
L, HARkoBf~offz A AETE L b,

HREHRED S AREHRERMK L OB B O T
R 360 B FRE R M OB 2 50T L,

2. RBHHEEIUHE

HRAH R 35 LT Table 1 iR L, FhoHH:
AT T B 7-60, T-114, 7-130 1 X U8 1-165 2Tl
ERFRMRE (N) AT 5EERHE H-2002 O 1 48
T HRE SOKR & & o TH v~ —§RRSH (9Co $315, .
BER L7 R/M) 217w, fFH LeRRAER A HE T
5, HARRO SHRELZRETIRERM & LT
HIRRH H-19 MS % B\ 7o,

RHET L o TTATIRHM L V2R RED B ik
Db MEHERATRALL, ZhboRBEETR
RRERAED AT T H B H-2002 ¥ J i3 BEMEOR
ERF H-19 2 b EEME UABgrEnE & LTE
L7,

RFEDHECEEEFZORRILUTOR Y TH B,

Table 1. List of strains used in the experiments
. T f ..
Strain TZ?&JO{ cytgg(leasom* Germ type Description
7-27 Sugar beet Si1 Monogerm Progeny of cytoplasmic mutant
induced from H-19
7-60 do Si—2 Multigerm Progeny of cytoplasmic mutant
induced from H-2002
7-114 do Si—4 do do
7-130 do Si-3 do do
7-165 do do do do
H-19 do N Monogerm A selection from monogerm
strain ‘M-10’
H-19 MS do S do Male sterile strain bred in
Hokkaido University
H-2002 do N Multigerm A selection from Japanese
variety ‘Donyu-2 go’
K-strain do S do Male sterile line selected from
the variety ‘Hon-iku-192’
TK 81-0O do N Monogerm Type-O line introduced from
Hokkaido Agr. Exp. Station
TK 81-CMS do S do Isogenic line of TK 81-O, with
male sterility
SLC 129-CMS do do do Male sterile line introduced
from Hokkaido Agr. Exp.
Station
SLC 133-CMS do do do do
TA-1-CMS do do do Annual male sterile line intro-
. duced from Hokkaido Agr. Exp.
. Station
W 162-6 Table beet N Multigerm Type-O line introduced from
the University of Wisconsin
W 162-A-4 do S do Isogenic line of W162-6, with
male sterility

*N: Normal or fertile, S; Sterile.
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JeEE R CE F13E M2 F

)2 V¥ 1-60-206 : 598 LKL LB A ICITE AL Bk
AT T-60-206 23 RHBE T %, S8 BMESFEE L ThTh
FThDETH, BERFEROMBER X LT
Si-135 Si—« CEDL AHOMETES ¥ 52, HAR
Ro SHlE LRI Lz, Shicphy, fadEEssaT
R LTS RFie—@7 5 E7RFER LB 285
e sine Ly, o X, ZHHEChkd - TH 4

Rfy Rfy L&t

HEETFI D40 ¥8rr NAGAO and KINOSHITA® o
B X o, TibbIEER (N), Mo Rfh-a®l (S
S.a), ¥HAF-bE (S.S.b) kL USESREEH (C.S)
O ABBORS TH D (Table 2), TE¥fitkiZ=y + v
TR X VRERE L, BOE TR

Table 2. Classification of male sterility
Type of male sterility (Abbr. of type)
Normal Partial fertile Sterile Complete sterile
(N) (S.8.a) (S.8.b) (C.S))
Color of anther Yellow Yellow Orange White
_ Dehiscence + 4+ - -
Pollen sterility (%) 0-30 30-80 80-100 100

3. EBRER

1) HERREOEEHN

H-2002 X b {EH Ui 458 D HEME A R4 7-60, 7-114,
7-130 35 X OV 7-165 O BRI T o TH B, F
e BBERSN M) DEMsH & BEER T TRAR
BELTV, Mo RHMEERE L, M R0 50kR R
RIEFER DI 24 B0 TRF-b Bl LU 2 HBD
SEeATRE (IMBFE A « 12%, 1%) AL, —Ji%
BRI DRSS < HE L b 72,
AFEOFRERT UUTH v~—RHEES) i wThib
M; CS.S.bRIZRLALEEDOHRNRTH h, Midsb M,
AOBABOREE S.S. b MK L C.SB) FEEXR
(1 46~84% DEAME & R L e iR\T My LI D5

BR2FALI-L 5, Table 3, 4 rAbh a0 M,
28 My i3 59~97%, THic Ms 2 My~ 49~93%
&, R HEHE CREREEEER Y b » THESEN a2 HE
HIh T3 &0 ErDL RIS,

ERBERG®) (344 &4 FDALFERC I BT OKEAE
% 1) BREE 2) fL, 3) 25% OB/ TFARboH\VL 4)
50% ofET o LEBATR B LU 5) S+ e AR
DT, OS5 S LI, 5 oRMiBETH
BRRBEENR TV 50, MREEERRC OV TRE
BER T vt FieTd v Tiddie XA X
- CTHEIETHERRSFR I EE™ 235 b, KEH
CEWThH M R EEROWN ELMOTRE,S T
TR TR CH S, L LAEOY v~—

Table 3. Transmission of male sterility from M, plants to Mj lines
f M3 li i
Phenotype Phenotype o 3 line Seed setting (%)
Line of Total Ran
M, plant N S.S.a S.8.b C.S. Mean of vgf.
7-60: 206 C.S. 2 14 52 39 107 67 30-96
( 2y (13) (49) (36) (100)
7-114: 778 C.S. 3 10 29 68 110 64 15-94
(3 (9) (26) (62) (100)
7-130: 419 C.S. 19 14 21 25 79 76 45-94
(24) (18) @7) (32) (101)
7-165: 465 C.S. 0 2 45 13 60 66 35-93
(0 (3 (75) (22) {100)

Homogeneity among four Mj lines: 22=82.31, d.f.=6, P<0.001,

* The percentage is given in parenthesis.

N and S.S.a were pooled in the calculation of chi-square.
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Table 4. Transmission of male sterility from Mj plants to My lines

Phenotype Seedfset. Phenotype of My line Seed setting (%)
Line of M 01 nt Total Ran
Msiplant |3 P1@ N S.S.a|S.S.b| C.S. Mean fa ge
(%) . ol var, .
7-60~-206 : 598 C.S. 91 11 4 23 50 88 74 23-97
(13)* (5) (26) (57) (101)
1 617 C.S. 76 12 6 9 12 39 68 31-90
(31) 15)  (23)  (31) | (100)
: 628 C.S 86 9 6 20 14 49 72 53-86
(18) (12) (41) (29) (100)
: 645 C.S. 89 5 4 10 12 31 69 42-91
(16) (13) (32) (39) (100)
: 650 C.S. 87 9 7 19 32 67 70 26-88
(13) (10) (28) (48) (99)
T-114-778 : 727 C.S. 75 7 2 12 16 37 67 38-96
(19) {9 (32) 43) | (99
1 736 C.S. 73 6 2 32 19 59 73 40-97
(10) (3 (64) (32) | (99
. 750 C.S. 77 10 6 27 33 76 81 28-89
(13) (8 (36) (43) (100)
. 763 C.S. 81 22 16 30 27 95 68 23-95
(23) a7 @2 (28 | (100)
0 773 C.S. 85 20 5 35 14 74 75 35--89
(27) (7 47) (19) (100)
. 775 C.S. 74 18 8 7 18 51 79 50-98
(35) (16) (14) (35) | (100)
7-130-419 ; 544 C.S. 87 32 7 13 25 77 64 43-89
(42) (9 (17) (32) | (100)
. 546 C.S. 83 7 4 8 16 35 75 40-93
(20) (11) (23) (46) (100)
: 556 C.S 83 7 2 20 18 47 72 23-97
(15) (4) (43) (38) | (100)
. 557 C.S 83 7 4 14 33 58 67 35-81
(12) (7 (24) (57) (100)
: 560 C.S. 83 14 2 13 21 50 73 49-92
(28) ( 4) (26) (42) - | (100)
7-165-465 ; 681 C.S 68 16 7 35 31 89 75 45-93
(18) (8 (39) (35) | (100)
. 682 C.S. 65 1 2 13 7 23 66.. 32-91
(4 (9 (57) (30) | (100)
: 695 C.S. 70 6 5 47 43 101 69 42-83
(6) (5) (47) (43) | (101)
. 698 C.S. 62 1 2 20 19 42 69 27-95
(2 (5 (48) (45) | (100)

Homogeneity among 20 M, lines: ¥2=142.98, d.f.=40, P<0.001.
* The percentage is given in parenthesis.

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

RO T A MR TR My R CHIBZRE LT 5, A& 1-166 OB TR R LT N
BREEEhTE Y, HAEFICY > CIETFENED BB OF R H-2002 & DKM X b ME&EE
BEANMEEISER ST R E 2 i b i DD BTV 59), ' )

B, thbHBEERACLIEADEATIVTHD i My B %\ i3k My Rffii14 TN R R E sk O &k
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RTH B bbb, BEETRAROMIHAE LR
FHThE bR - T, ZThidBkEH T oHME
W, TEREE IR T iedbicE UkBlg & b %
2 BRBN, Jheh v~ —iR0Ee X filERET &
MotiaF OMEER CH i BEAE R ERE LD h
ez LicEBETATERE LS5, CoERBELTUT
B E Iz,

2) FRMRESERRERERETFEOBR

4D 7 V= — ROV CIER R RN © BiRE
BEB LT 5D, EHRHO Me it U7 8.8 b
MBI C.S BEEERALLT, “hbr DIt
W BE G H-2002: 1, H-2002: 2, H-2002; 3, H-19: 1
FIOH-19: 2%FF L, WTFhoflfdeic s T
b Fy T3 (S.S.b B XU C.S) it fadt:

BIEH (N 2% S.8.a) O 8w Hch, Zhizft
BB I~ — T ORI E 8 < FakmE g
BEFE~T e B TRBL TG AD EREIND, v
T Fy o fobh: EEEME 40 Tk acBil 2 17\ Fo SRR %
MLtz Tak S HiER oM 2T H-19MS
I b o RRIEM L H-2002: 1, H-2002: 2 5%\
(2 H~2002: 3 L DX M LB Fi 8 IO F TOMET
IHRIT>TC 7 v =R BT B8HE & ORESER
B Ui,

S RO T citRiE i 2 8 o WM R EEF
Rfi, R 7 E5 L, Rfi GHIEET m &digiBIfRe
5560, KEECE H-19MS: 822x H-2002: 1 o
Fo 045 &, N+S.S.a: S.8.b: C.8.=9:6:10
B2 23R T AL 5 h (Table 5), Hic Rf

Table 5. F; and F, segregations of male sterile types in the crosses between
H-19MS and pollen parents chosen from H-2002
Cross coml;;i"hétion Genera- Male sterile type Goodness of fit
1 Mal | tion) N S.S.aR S.S.b C.S. Total f
Female ale |(Cal. ratio R [RA-Tfarfe | vhrfirfe 12 d. f. P
RARE [ rfirfiRir 7
H-19MS: H-2002:1 Obs. | 3 2 8 3 16
822 (C.S. F 5
Cal. 4.00 8.00 4.00 16.00 0.33 1*  0.5-0.7
(1:2:1)
do do Obs. | 76 26 73 26 201
F, 102
Cal. 113.06 75.38 12,56 201,00 15.53 2 <0.001
9:6:1)
do H-2002:2 Obs. | 4 6 20 15 45
F 10
' Cal.) 11.25 22.50 11.25 45.00 1.67 2 0.3-0.5
(1:2:1
do H-2002: 3 Obs. | 3 9 14 10 36
F 12
Cal. 9.00 18.00 9.00 36.00 2.00 2 0.3-0.5
(1:2:1)
* S.S.b and C.S. were pooled in the calculation of chi-square.
Table 6. Linkage relation between the gene 7 for monogerm and the gene
Rf for pollen fertility restoration in the coupling phase
Cross: H-19MS: 822 (C.S)x H-2002: 1 F,
Germ type Multigerm Monogerm
Male sterile Male fertile Male sterile Male fertile Male sterile
type (N, S.S.a) (8.8.b, C.S) (N, S.8.a) (S.S.b, C.S) Total
Rfi-rforfoaM- Rfi-rforfonm
Genotype Rf-Rfr-M- rfrfiRf,-M- RA-Rfy-mm rfrfiRfe-mm
rfirfirfarfoM- rarfirforfanm
Obs. 89 62 13 37 201
Cal. 97,51 53.24 15.55 34.70 201.00
(R.C.V.=23.4%)

Recombination value: 23.445.63%.
x2=2.74, d.f.=3, 0.3<P<0.5.
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Table 7. F; and F, segregations of male sterile types in the crosses between M,
plants from 7-60 and pollen parents chosen from H-2002 and H-19
Cross combination Male sterile type Goodness of fit
Genera-
tion | N S.S.a] S.S.b C.S. Total
Female Male {(Cal. ratio) Rf-Rfs Rfy-rforfsrfarfaRfs— %2 d.f. P
s rfarfurfstfs
7-60 :213 H-2002:1 Obs. | 14 7 21 4 46
(C.8) F 21 0.001
( Cal.) 11.50 11.50 23.00 46,00 10.46 1* -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. | 209 77 95 110 491
F, 286
( Cal.) 276.19 92,06 122,75 491.00 1.77 2 0.3-0.5
9:3:4
do H-19:1 Obs. 1 5 6 8 20
Fy 6
Cal. 5.00 5.00 10.00 20.00 0.80 2 0.5-0.7
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 8. F; and F, segregations of male sterile types in the crosses between M,
_ plants from 7-114 and pollen parents chosen from H-2002 and H-19
Cross combination Male sterile type Goodness of fit
- Genera-
' . tion) N S.S.aRfS. Sf b C.S. Total 4i
Female Male |(Cal ratio) p,_p._ \Rfs-rforfo| vferferfo x2 i P
RfsRfs | SherfsR 1o
7-114 : 783 H-2002:3 Obs. 6 8 22 18 54
(8.8. 1) Fy 14
Cal. 13.50 27.00 13.50 54,00 2.44 2 0.2-0.3
(1:2:1)
do H-19:2 Obs. | 22 1 24 8 55
1 23
Cal. 20.63 27.50 6.88 55,01 0.90 2 0.5-0.7
(3:4:1)
7-114:775 H-19:1 Obs. 5 24 28 0 57
(C.S) F, 29
Cal. 28.50 28.50 0.00 57.00 0.02 1 0.8-0.9
(1:1:0)
do do Obs. | 45 21 31 4 101
F, 66
Cal. 56.81 37.88 6.31 101.00 3.40 1*  0.05-0.1
9:6:1
do H-19:2 Obs.) 1 11 31 4 47
Fi 12
Cal. 11,75 23.50 11.75 47.00 0.01 1* >0.9
(1:2:1)

* 8.S.band C.S.

were pooled in the calculation of chi-square.

Eom EOBlicizEE| T 234% I h B B HEh
7z (Table 6), % ofbHEHOBETR Y ~7 8 (RAi7A
Rfsrfyy EET BB, Fu Bty Table 5 oM
¢ N+S.S.a:8.8.b: C.S.=1:2:1 LffifFsh X 5,

TR LT, FeeFRIh R ISt
TEmtatt ORIE - REHIRE & 2 JoBEET OHEE

RRZBHR, FOMTRER LRV, 28E
FOMEERC VT SHIRET LML ric i
stz T 7-60: 213X H-2002: 1 0 F, 478 N
+8.S.a: S.S.b: C.S.=9:3:4 oLy, 22Xk
WEEREET OMN, —HoEW7 v— 1 (vfy) HMid5o
B7 v— 1 (Rfs) w¥ LB %R LT (Table 7),
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Table 9. F; and F; segregations of male sterile types in the crosses between M,
plants from 7-130 and pollen parents chosen from H-2002 and FH-19
Cross combination Genera Male sterile type Goodness of fit
Mal (Cal tion) II;I %ﬁ.a S.S.b fC. S. Total \ 4 P
Female ale {(Cal. ratio) Rfs-Rfr~| . _| ferferfa bé A
R};—rﬁrﬁ rferfelifr) g
7-130:424 H-2002:1 Obs. 2 6 0 19
(S.S.b) F 8
Cal. 9.50 0.00 19.00 047 1 0.3-05
(1:1:0)
do H-2002:2 Obs. 6 9 0 41
F 15
Cal. 20.50 0.00 41,00 295 1 0.05-0.1
1:1:0)
do H-19:2 Obs. | 18 10 0 36
F, 28
Cal. 18.00 0.00 36.00 1111 1 < 0,001
(1:1:0)
7-130:425 H-2002:1 Obs. 5 5 7 25
(C.S) F 10
. Cal. 12.50 6.25 25.00 1.08 2 0.5-0.7
(2:1:1)
do do Obs. | 34 1 6 55
F, 35
Cal. 41,25 3.44 55.00 3.79 1*  0.05-0.1
(12:3:1)
do H-2002: 2 Obs. 8 11 10 41
Fy 19
Cal. 20.50 10.25 41.00 0.41 2 0.8-09
2:1:1)
7-130:425 H-19:2 Obs. 6 4 0 16
(C.S) F, 10
Cal. 8.00 4,00 16.00 1.00 1% 0.3-05
(2:1:1)
do do Obs. | 23 7 1 40
F, 30
Cal. 30.00 2.50 40,00 0.00 1* 1.0
(12:3:1)

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

B 7-130 3 L O 7-165 @ 2 /i oA Tl
Table 9 3 X010 ke 2 %< N+S.S.2:S5.5.b: C.S.
=12:3:1705 Fa FEEA B LRy, “hix2#ETF
DN, —HOEET v— v (Rf) BMBFTFOSET v—V
(rfa) Wt UC i@  HEoBRmLTch 5,

P RETREOELYH LM A w0 Fio#»r s
bEELDBNT, H-2002: 1, : 2 R L OVH-19: 2 1%
% Si—s e Hextd % 2 oRlpERin T2 ~7 =
(RferfeRfirf) wh L, #ADC.S. R E LT L
RETHE6E, Fi1 i N+S.S.a: S.8.b: C. S.=2:
L1 oHBEPBLh3 T ThH B, ¥7S. S bEY
BA L LT, BAORETRATFRICERT
BT R (rferfsRARS) O%&w 1:1:0, &
h~TF v OBE (rfofsRAirf) @i 4:3:1 0 Fy 458
R IR DA, FBECZ O AR EOHM
e THEDLRI: (Table 9, 10), 7235 7-165: 461 x H-

19: 1 % L 00 7-165: 478 x H-19: 1123513 % Fy 45 B 2%
iz 1:1:0 Eigotemiy, H-19: 1 @ s F B2 RS
rfeRfRfG Th - Totcd LWL I D,

7etl, D EoERYE U CERECK ST 5HESEON
FTLLRLSRWBHEN e H5 & LA EHSh X5,
ZhHERBEERES DT bed L AN, FoAcER
BEHER R ARET LS O« OERWER, §213%
HEETFREoPELEILLE,

— %, T-114 % &xx# T N+S.S.a: 8.8.b: C.
S$.=9:6:17c% Fa piinifEoh, 2 %tofakE # 8 E
FOERBERLSHRETORG LB TH-
(Table 8), 72U 7T-114: TI5 AR L L2 HARD
Fuopminil:1:0% X 081:2: L EEWICHE LoD ik
EBE H-19: 1w\ Ck—J OEE % 2 T8+
%, R ~FwThHy, H-19: 2 Tl ~F m
ThHotclebbEz bhb, Lo -114 tif8s
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Table 10.

F; and F, segregations of male sterile types in the crosses between M,

plants from 7-165 and pollen parents chosen from H-2002 and H-19

Cross combination

Male sterile type

Goodness of fit

Genera-
F ) Mal Cal tion) 11;1 %S.a S.S.b C. S.f Total L P
emale ale (Cal. ratio) Rfe-Rfe- | o r 0, | 7ferferfr %2 -t
Risrforfy TP | ifs
7-165:471 H-2002:1 Obs. | 13 11 14 9 47
(S.S8.b) Fy 24
Cal. 23.50 17.63 5.88 47.01 242 2 0.2-0.3
(4:3:1)
do H-2002: 2, Obs. 7 7 10 8 32
F; 14
Cal. 16.00 12.00 4.00 32.00 0.50 1*  0.3-05
4:3:1)
do H-19:2 Obs. | 14 9 9 4 36
Fy 23
Cal. 18.00 13.50 450 36.00 2.78 1*  0.05-0.1
4:3:1)
7-165:478 H-2002:1 Obs. | 16 13 32 4 65
(S.S.b) F, 29
Cal. 32.50 24,38 8.13 65.01 0.75 1*  0.3-05
(4:3:1)
do H-2002: 2 Obs 2 11 13 3 29
1 13
Cal. 14,50 10.88 3.63 29.01 0.31 1* 0507
(4:3:1)
do H-2002:3 Obs 5 4 22 5 36
F 9 0.001
Cal. 18.00 13.50 4.50 36.00 9.00 1* -0.01
(4:3:1)
7-165:478 H-19:1 Obs. | 11 6 10 1 28
{S.S.b) Fy 17
( Cal. 14.00 14.00 0.00 28.00 1.29 1*  02-03
. 1:1:0)
do H-19:2 Obs. |28 10 19 1 58
F 38 0.01
Cal. 29.00 21.75 7.25 58.00 5.59 1* -0.02
4:3:1)
7-165:461 H-2002:1 Obs 6 3 5 0 14
(C.S) I 9
( Cal. 7.00 3.50 3.50 14.00 1.14 1*  0.2-0.3
2:1:1)
do do Obs. | 156 101 77 18 352
F 257
Cal. 264.00 66.00 22.00 352.00 2.75 2 0.2-0.3
(12:3:1)
do H-19:1 Obs. | 10 5 5 0 20
Fy 15 0.02
( Cal. 10.00 10.00 0.00 20.00 5,00 1 -0.05
1:1:0)
do do Obs. | 123 56 66 20 265
F,; 179 0.01
Cal. 198.75 49.69 16.56 265.00 8.03 2 -0.02
(12:3:1)
r-165:461 H-19:2 Obs. | 17 11 8 1 37
(C.S) F 28 0.001
( Cal. 18.50 9.25 9.25 37.00 9.76 1* -0.01
2:1:1)
do do Obs. | 121 38 56 20 235
F; 159 0.02
Cal. 176.25 44.06 14.69 235.00 6.84 2 -0.05
(12:3:1)

* §.S.b and C.S. were pooled in the calculation of chi-square.
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BETOEREIL S HIRE S5 RA, Rz 0
HEELGERLRDLA, FORBBRKECRNSML
Fl—Ti3ia\,

3) Fp [LHBIFHTEREMER

et oEIHE I 2 ¥ TI@NT L R BET e
Iz <, foBER Y LABENER S Rk Er R
ETZEnFEEIhD, THEURER™ & X RIET v
4 DR B H SLCO3CMS L5 -7 A — &
‘Ruby Queen’ : DR Fo BXU B iw kT, EH
AT 5 EGETRERER, EhErEeTiratarE
THEGETRE LT AbHEOHEIThFR3:1
(Fo) 8 XU 1:1(By) 0Btk HE&T 5 b oD, fakm
BEEEGOTEMTREIZ 10% 55 Wiz Eh LT o Efak:
7 0% L EomfEt THESH L T, &0
EAEMEROERE LT, RKZ 1) BEEROZE,
2) ZEERETOBE, 3) MRERET 0N ER LU 4)
STEIN 5109 jUREE U fe PR M o ie 255 ko
4O BT T\ B,

RECH -1 88D Fo Mo TEMi e & 54
Lol on, HESFvTFhbiiEitn s
D, LobEe ToOMoEHc i b OMEI D
Lite (Fig. 1), H-19MS:822x H-2002:1 ¢ 1554

% 5 1) 7:60:213 xH-2002:1
S 4 5) 2) T-114:775xH-19:1
% n=55 n=40 3) };—IgBAS'»BZZXH-ZOOZZI
30 32 4) T-130:425xH-2002:1
8 (i2:3:1) 23D ) risazsen-19:2
g €) T-165:461xH-2002:1
& 7) T-165:461xH-19:1
[117 lme 8)7-165:461%H-19:2
mes.
) 20 8)
N=265 n=235
(12:3:1) (12:3:1)

0 50 100 0 50 1060
Pollen sterility (%)

* I, ratio for male fertile (N and S.S.a),
sterile (S.S.b) and complete sterile (C.S.)

Fig. 1. Frequency distribution of pollen sterilities
in F; populations of the crosses between
C.S. type plants (M) from 7-lines and
pollen parents chosen from H-2002 and
H-19.

IR w R Lotk SRR OBEN & b IR
 LtERI O BB A% 57 Uic S, RIR OIS 3 7-60 : 213
x H-2002: 1, 7~130: 425 x H-2002: 1 s J; 0% 7-165 ; 461
xH-19:2 ol F HEEk ¥ Ric+o#E4 (9:3:4
s Lr12:3:18) wswTd B SR, Chiest
LT 7-114: 775 x H~19: 1, 7-165:461x H-2002:1 7
VL 7-165: 461 x H-19: 1 T ARFEEE 50% 1l 1 0 # 4>
AEABRH G 4 BT AR TN S HBEL, Ao
A D X 0Bl ot, Bicd), 5)bHBVLE), 7), 8)
DGR CIE 42 BRVR—EETHY, Fa L
Bigtic 12:3: 1RER Licc bbb bT, B0
B o Al A c—Rciny, TR0 LUTok
WEET I s AR R oA RE L L = A,
4), 5) T3 12=24.90 (P<0.001), 6), 7), 8) DI AL
22=20.04 (0.1<P<0.2) LH—HIFEL feh o1,

O RSAFROER Y BICREOPB O IR
52 LR TH D, SHERBICAFET M REET
EADPLEBEROEHML LD LD THSH,

4. E £

AR LS E A ERE L LTS R
= v o ok A X0 X THRE IR Tw AL,
BoRET R ORI X 254035 0%, MIREREEAR
ROFHAILEZEOM B D TRxra B, F vy
A498), Py ERIVIN BIPR—-L Iy PO D4E
EREVWTCEEIR TV, HiErav T v D%
R ALO 2 G, e oRECE S RIET
OXBRIEABRCET 5P HEREI TR0,

ARCHEE - e 4O 5 v = — R OREET 2 HEER
frr D vwithd My TRERA, Dk My (0% TRGR
ERERIhTEY, 2) FoEER D BIRHK H-19 BFEoO
SHEOMMBMBERERAETOEE® whbi, Lid
3) 7-165 DR T 5 AR B L CILERH H-2002 & D
HRZHM X v EERESTE DL RS, Mz T 4) i
REFrCY > CREFERNR OGBSI E RS h, 5)
koo tn < RESY T B B EATEIC D RESRD
bhtgz & (Table 22) 7e ERBIET B 5L, 2hH O
TR RETRAERPBEHHREC I 530 TR
%<, MEZRCERTSEATIVTHS S, i
NINKS®) 34 v v~ 2lnETHGR T % kA R
(Dauermodification) %3 # #i & (Phenocopy) &#Hifd
Bz R (Extrachromosomal mutation) & @ o fi
B L LT, REERMREER LA LTWS
B, BH v — RO My KE B ¥ THE
SR CTHREEZEINR TV E 00, BRI HREL
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BRWThILEEOBWHE 252 L0 TE D, L)
L2 DORFE D BRI RO SHRE T o3
& EFE—TRIRD 5 1o,

FERDORENTEERSG I LT, MREE R EER
N ETRE S O 2oL CHERN: S, “hicHE
AL ETHHBERT IRESUBMOBR O T cRer
BHEPHbh3 EIhTER, ZOBKEEETF DX
EEROMF B Uil ~ et 1 4« o R
HRBEFREDEB IR TV 5, KEEC KT SH
fE i 2 HoREERRET RA, Re 22 fF
Ao LR S, 2hit NAGAO b OEE™ %
FRHTHLOTH T, BMERBROMENEREEEIL
THRRMIE & 2 M OBEET OMEIER G 7e <
b, TOEMLVLL SHRETOSA & i
CHRRBEHITHY, 1189 2rvxrarnSEHR
10 oREOMEEBANIER LA bhih oh, L
B2 EOEET OMEMERM o v T, 4o
S#AToThE D, Fhoh v~ Rk chbig T
2HEanRE IR Th 5,

B AL RE O KRR B3 2 BETF RSB
FC X D RIr - T 5 O HEEARFRR 0 5 FHR HE TR
0B FO~EEH A 523, RFCABARE
DEFMOREL &5 T, HEMROBERBROER
BRETBECARD W EHERIRE, BH4SEOR
RIR—oEHE, H—FEK B-BREOT tHLRL
YDOTHY, RHCE LLTEREMZEALSBLT
Wh, LERSTH v—RABCI - T NI #AE
2 B2 R X h AR E LR EEEET & o
S ERROEE L R AF T IEERBERNEE LD
BRIETHONRELTHS S,

Db BER AR E ORI RRT B0 Eh O
TIREYHS D THDT D, &2 TIfER S hicd
BEREmD S LR EBELT, S haEETF
BEEE2D T, Thb b H-19EFED r-20
BLOT-27T B LCREB O RIS Y & 4 ft v
5160, FrrHERIhARBERE T Fhest
53 BRI RE T O D 5 VAR oMR X
D, B E Sim1 (7-27), Si—2 (T-20, 1-60), S;_3 (r-130,
7-165) 35 L% Si—q (1-114) 0 4 BRI TE L 5,

LZATTF v A LB THMOL L DOREYFE o 8
A19:55) L ERRCIERRESEESPEEREDL Bost
B EAshs WM RMbhTw5, ¥
NIELSON and NEMAZI® [LEGRRIEOS 24
RERH Y BEREA & THRCIELTRE E OF (R

BHMEENE) o Fh PhiMEs T 5 A HRIEFHH
Hitiesz EHIBRL T35,

SlE| 0 E B 5 b MBI P OTER R O IREES A
WASHL S R R T i D ORI — A R X h, AER
EFCREERCRRTIER 2 EE LERC LHATRR
Ehi, 4% isoplasmic I\ HEMERFRFESHE O
BRITER B R AER L, BELGOWNHIBELR
ALECEECE CEET 202 0E L S5 5,

F3E ERRHERREFORELZNIC
B O(FREREOREMERE

1. #
WE TR Y v~ —BHROERTREEE,» VTh
BHARRED SEERic-TEbh, Sic, Si—, Si-s B
IO Si—s D 4BIIEMEINE B = L~
Lo Lz oRERBUEH < ¥ T FL Ho vk Fe TOR
FaTl B DHEE Sh D, TtEEEET OfFHRRD
HECESLLDOTH D, FORUBZTHE» D HIIE
a2 OBRIERBYLE L T5, MlaERoREM M5
DICEF LT 2 2 F2:112) TR SR TV AL HKER
1T X - T isoplasmic 7o#% - Ml BE#ELZER L, Th
b ORTIEO WS HiH S REMRER OMRAHE
FAFHERD D, 1o7ET VA 3R 2 4 O MFENER
Y B34 { ORI R BT A SR, e X HK
FREETAEA LT BRSO RBREELE
THMRLEB S CIBE L Wl FOFRFIZ My, 2 4F
ERIBOFELYELCHEAT A LB LY, Ltk
CIRIEHIRE O B R - O B R B (Fa:EIETE
¥R 2RI U CRER AT, R L e km e
BET EOMEEROBEE L BB HENRT vy 4
TS DL AR ERMEER V2 X5,
Thbb, HHMAEE St 5 REnERET
Rf4 REREFO Ss WxffANEEIT, ¥ Ssic
X335 Rfp B3 Sacizf@nicu &5 HEE BB fRa°
BWHLNIE Rf4 & Rfp BEBEEGT TH D, Sa ks
IO S b AV RE#EEARLTEVWEEZS
s,
FECILMED OB (N rfirfirforfo) RILBOTER B
L eztfE AV, By Fo fn U Fs R ki %38
TormimbRTERBlo, & S fileEext+5 Rf o
GTFREHE L, CORMEITABLTCS & S B
D12, HAHWE S HEMOMRERFEYAL I,
FIRVER & R mIERET & ORI B E e
BRI 57ch, ARFMOKL 4 KiETs ORR

Dif



198 L RF R E H13% H2 5

Rf e BERT B & TMRERLT TH D, REE—H
DRIfE T 5 RE oS 2 hue v e et
b Tie, ¥ CHGHIET & fabkEIBEEFH oMy
Fie A BOBEBETRE YR T REEHB & M v 1T7x
o> CERIGRHEOZ LML LD D & & LI, TREMRE
% B+ S i E EEAR oM X v IEED
B E o BRI ARG T 5 B b RAL A,

2. EBUWHHSRUCREE

BEER Ut 7 v v — Rl 7-27, 7-60, 7-114, 7-130 %
IUT-165 D5 ETH D, SHRERNOBERMKE LT
iz, 5 v 4 H-19MS, K, SLC 129-CMS, SLC 133-
CMS, TK 81-CMS, TA-1-CMS % L U85 — 7L & —

M W 162-A-4 0E 7 Hlia V7o,

BRERHC Y » TREHEETRRERM & 0 TR D
DUV AFe-b BMEAREA CTHALL, ThbiT
N B E % H-2002, H-19, W 162-6 %5 £ 08 TK 81-0
IEWBE L TR L, WI162-6 13 SHIER ©
C.S. e+ 08 ThY, BRIBEETRIT
HIE - B oECCHTIERT AR/ TS5, T H-19
& O TK8I-O BB TR H T HRERML T
B% (Table 1), HECHERITETRRHLHERIC
A PEREMEEER 2 EAE T - 7.

3. B ESR
1) SHBRAMCHTIHFERE OR) (£LB
BREXH

AFED H v~ — Rl 7-60, 7-114, 7-130 35 L ¥ 7-165
RV TR RERIEC s o < 2 HORGRIET H B
HELTw58, hb 2 BETOHILIERRERTRAR
THEL, T SHRET RS L LR -T i,
et EE o BRI s hi:, rrdRERERC
DWTHHTo 3EOREBETE X 5,

1) v~ —HAE X - T RA, Rf; OFEEA B
COIF BT AL, —HIFH SRR E
HRRRDO S LM TH -1z,

2) S ERRBORRMBE»FRSh, Zhidial
T Rfi & R oflOBEEERERC bELE4: U,

3) S R RBoOREMIE FREh, ChboHE
HREO T itk B Hic RA, R EIXR2H
BoRETFENBEL It o1,

PEDRED TGS ZY Th B ERET BT
AT S BRI E % O Bt iV fobae 58 4
X BRI S L0 S RAER©, Bi5T 5k
EEEETFOREET 5 LER S S, Thabb, bLb
FRMRET RA H5 i3 R DA OSEET HE B

L (5E 3), SHlEHET5 ORMPRZhdofETy
EE AT E LT R LT 2SI, R/
Oy v=—RtFL v BLARBMEE I LTz
O E LTEihlonZ Eicind,

Table 11 woRpdmi<, SMELYHTHREREF
o C.S. % flitkic 2 o O BHRHE W 162-6 %5  * TK
81-O 2 HEE R LB IEm 2B Lic L2 A, Kk
RIZITH-19 MS : 821 x W 162-6 : 3 0f & 41 1 44,
K:2xW162-6:4 ol & 2 EED S. S. b B A s
BB LA LA e TR XA U, Lk,
THRA LA OBz-Thi RA, R wSMrzH (N
rfirfirfarfz) VCHERE L Ot T LMD D SRR TH
B, TR LTI-60, 7-114 35 X 00 7-165 0 3 Rbfi &
DA C. S BEHEZRA & LB e, kit
C.S oA NE, S.S.aflks LS. S.b g,
HENEERSEDWThr T S HE U, ez 2
IAERBIC A R E S T 5 R B /R E T2
T iz ~7 e THRFEIh Tw e iR s,

753 W 162-6 12 F 3R L O #o0E BBl 5 ##
BEFEFELTCEYD, Th&OHO Fr il ot
CEBB Lo ehb, REERREAC L 2REERD
AREMRII B E T B LA Vs, F R, TKBI-O & oA
FEHE TR A REFEC L b0 Th Y, MxTH
ko< (Table 20) Fy Tl RS BFR O BIERET m
Do EECIE S THERR : BE=3:1 ofiffihic X < #HE
THERIBTVBDOT, RRBE LOBER &%
ERD, Lo T 2iiild s hichikEEa o h
B L OREGKC~T v CREFIRT W EC
50, Rfi, Rfs YHOBEET O BECERE TS L5
LHONRELRTH 5,

KT h b OFEETF OB A O s,
eI BEGEOBE TR A H#ET 220w, L&D
WELZHEO—TDWT Fr, Fo 8 XU F3 R it BHE
MRRE O S EFER L RRCRE L, & Si-2 M
JECZ RABIOCREMEAREL, ThbH 28K
FOIBEHT V-V i MEBET v— v REESFLT
iR E TR A T e, T-60-213:69X W
162-6: 1 Ol fr e THL AR X ISHE TS
L0THY, FLes iz N+S.S.a:S.8.b: C.S.=
3:1:4, ¥ NBo FIEYOBEHEC LS F,ti29:3:
4, C.S. B NBoBoOMEE I X5 F iz 1:1:2
Te By EER T Fh A Ut (Table 12a), Hic 3D 9:
3:4 B> Fy R OEEEE L REEER (N 5%
VL S.S.a) EFELT Fs i ER L LTS, &
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Table 11.

Frequencies of male sterile types in the crosses between

C.S. type plants from different sources and tester plants

from O-type strains

Male sterile type

C.S. type | Type-O Total
| N | sSa | ssy | cs.
7-60-213: 1 W 162-6:4 2 3 5 15 25
7-60-213: 2 do 4 2 4 12 12
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 W 162-6:2 1 7 12 30 50
do W 162-6:3 3 13 20 43
7-114-778:1 TK81-0O:1 24 68 60 160
7-165-461 : 203 W162-6:1 25 1 22 49
7-165-465: 2 W 162-6:4 0 0 6 8 14
7-165-465:3 TK81-0:1 0 2 23 49 74
H-19 MS: 818 W 162-6:3 0 0 0 25 25
H-19 MS: 821 do 0 0 1 30 31
H-19 MS: 822 do 0 0 0 34 34
H-19 MS-822 ; 2063 W162-6:1 0 0 0 32 32
H-19 MS : 826 W 162-6:2 0 0 0 19 19
W162-A-4:1 do 0 0 0 50 50
W 162-A-4:2 W 162-6:3 0 0 0 50 50
K:1 W 162-6 : 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 TK81-0:1 0 0 0 17 17
TA-1-CMS:1 W 162-6:4 0 0 0 14 14
TA-1-CMS:2 do 0 0 0 6 6
TA-1-CMS :4 TK 81-0O:1 0 0 0 65 65
SLC129-CMS: 10 do 0 0 0 5 5
SLC133-CMS:1 W 162-6:4 0 0 0 12 12
SLC 133-CMS: 2 do 0 0 0 21 21
bR S h AR, b bREEER b,

(N 3X0'S.S.a) c@EETARHM -1, N+S.S.a: S.8S.
b=3:1 B4 ME% =T RH-2, N+S8.S.a: C.8.=3:
17c 54 MR RT R 2, 9:3: 4 B SEERH-4 Dkt
Brkistrh—# L, LloRETIREDZLEL TR
Eht (Table 13), 2B RECHK I HHTEHH W
162-6 : 1 OEGFRUL RfarfaRfsrfs Th oo L HEE &

—75, 7-165-461:203x W 162-6: 1 0354414 w10 3
VTR Fr, Fa WR%IE U T S. S. b BB 58
HaLRID0, ThbaiataEs (N s LoS.S.
a) KOFE 5 b IXBET B2 LT VWA
rEbhic (Table 12b), 7-165 1B L CigiE ¢ N+
$.8.2:8.S.b: C.8.=12:3:1 %5 2[@FHO F, 4
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Table 12.

F; and F, segregations of male sterile types in the crosses between

C.S. type plants from 7-lines and a ‘O’ type plant, W 162-6:1

a) Cross: 7'-60~213:69 (S;—2/* C.S.xW 162-6:1

Male sterile type N S.S.a S.S.b C.S. Goodness of fit
G RicRiv | Rfcrforfs | DoBRE | o af | P
enotype foRfs ferfsrfs FHfarfarfsrfs 1L
Obs. 14 24 15 40 93
F1 38
Cal. 34.88 11.63 46.50 93.01 2,17 2 0.3- 05
(3:1:4)
Obs. 96 63 63 100 322
NE** 159
Cal. 181.13 60.38 80.50 322,01 7.54 2 0.02-0.05
9:3:4)
Obs. 172 96 87 107 462
F N® 268
2 Cal. 259.88 86.63 115.50 462,01 0.88 2 0.5- 0.7
(9:3:4)
Obs. 142 64 81 128 415
N® 206
Cal. 233.44 77.81 103.75 415.00 9.02 2 0.01-0.02
(9:3:4)
Obs. 22 19 40 116 197
C.S.xN 41
Cal. 49.25 49.25 98.50 197.00 6.23 2 0.02-0.05
(1:1:2)
b) Cross: 7-165-461:203 (S;-3) C.S.x W 162-6:1
Male sterile type N S.S.a S.S.b C.S. Goodness of fit
Total
Genotype Rfg-rfirfz rferferfirfq %2 1 d.f. ‘ P
Obs. 25 1 1 22 49
F 27
Cal. 24.50 24,50 49.00 0.51 1 0.3- 05
(1:0:1)
Obs. 189 23 22 97 331
N® 234
F Cal. 248.25 82.75 331.00 3.27 1 0.05- 0.1
2 (3:0:1)
Obs. 75 37 17 123 252
C.S.xN 129
Cal. 126.00 126.00 252,00 0.14 1 0.7- 0.8
(1:0:1)
* Type of cytoplasm. *x Selfed.

REDBLNT VB2, 2EBF0 5 b EMERTS Rfs
COWCDORBBToEEYE Ceis, BT hE W
162-6: 1 53 Rferiferforfr DEETE AR LT ISGER
GHMRBEATHBER IR T Ch D, BE0 23
BFERHEOT CFERFHEDOHERLHU LB, B
13:0:1 & 1:0: 104 BERA R 20 Fyflgwin
SHEECEA CRMEER (N 55\ S.S.a) HM
LT Py R BER LI EZ A, BiE CEEERME &L
BERELN 1:2 DR T, T BB TrOBRKoZ L

U7z (Table 14), 732 BETRE LGS
£ S.S. b BAE T HB LR W TisBok
B E fohille b inwh, S0 HIBBRET OERLEE
BETFHHCIBEERL S OHEC I BDTHA D,
P EDRBETIRECE S b, W162-6:1t~7F
r B CRA IR TWi Ry, Rfs 850 Rfs i S #ilvE
CAEHT 5 Ry, R LBEXRLD, Mz Tohs 38
DEETIP LD SHREOT T REEREM %
B EELZBRB, LN TSi2a BIY Si-3 &
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Table 13.

of male fertile (N or S$.S.a)

the cross 7-60-213:69 (C.S.)x W 162-6:1’

Segregation of F3 lines which are produced by the self fertilization
plants randomly chosen from the F; of

Type of segregation

No. of lines

No. of lines

N+S.S.a: S.S.b: C.S. Ratio observed expected
1 0 0 1/9 6 5.33
3:1:0 2/9 12 10.67
3:0 : 1 2/9 7 10,67

9 3 4 4/9 23 21.33
Total 48 48.00

x2=1.64, d. {.=3, 0.5<P<0.7.
Table 14. Segregation of F3 lines which are produced by the self fertilization

of male fertile (N or S.S.a) plants randomly chosen from the F, of
the cross ‘7-165-461:203 (C. S.)x W 162-6:1’

Type of segregation Rati No. of lines No. of lines
N+S.S.a:S.S.b: C.S atio observed expected
a) Type of cross in Fy: N®*
1:0:0 1/3 2 2.67
3 : 0 : 1 2/3 6 5.33
Total 8 8.00
%2=0.25, d. f.=1, 0.5<P<0.7.
b) Type of cross in Fi: C.S. XN
3 :0 :1 3 3.00
*  Selfed.
Table 15. F; and F; segregations of male sterile types in the cross between

a C.S. type plant from 7-114 and a ‘O’ type plant, TK 81-O:1

Cross: 7-114-778:1 (S;—4)*C.S. X TK 81-0O:1
Male sterile type N S8.S.a S.S.b C.S. Goodness of fit
G Rk | Bfafe | | ol = .
enotype fo-Rf + ForfaR fo rfsrfsrforfo -1
Obs. 24 8 68 60 160
F 32 0.001
Cal. 40.00 80.00 40.00 160.00 13.40 2 . Z0.01
(1:2:1) :
Obs 13 13 16 6 48
NxN 26
Cal. 27.00 18.00 3.00 48.00 0.08 I 0.7- 0.8
(9:6:1)
Obs 21 15 65 40 141
F2 c.s.xN 36
Cal. 35.25 70.50 35.25 141.00 1.09 2 0.5- 0.7
(1:2:1)
Obs. 8 6 27 16 57
C.S.xN 14
Cal. 14.25 28.50 14,25 57.00 0.30 2 0.8- 0.9
(1:2:1)
* Type of cytoplasm.
** § § b and C.S. were pooled in the calculation of chi-square.
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S B0 WABEFE & ORI HEEHE R E T & ORI
SHEHED S AT DHbR I C LTt b, B, Si-z,
Si—3 TRAE OV TAIERBRETO I b < d 1R
BT RCLTRY, BWRMThD & THEER
BEFIE Loy, T BMscEia & Corlid Arctetml
BERET TR ERES L ORBT 55 R ET
CIIHENTRIMRIE B o 7o, T odr RA, R ests
LEBRTH B,

20 AR ER O RBBIHRE Si—a & S OWAEMTL
MR 2 hic, Table 15 R4+ OBEMK TKS81-0:1
11 Si—s HifaEERE TS C.S. B4t LT OR &
STESLT, -114-778 : 1x TK 81-0:1 0 Fy, Fp fifk
RN OSBRI S fFAT 5
2K ORRMET R R BEEMBIC~T = (Rfsrfs
Rforfs) TEENRTWRZ EXRBE LT, KiKZ
L2RTIE RA DB RS L3R RICT 5 L #
EERD,

Table 16.

2) BZRABERE S LU S £2FHT3
BEREREOBRE ChEROTHER

T CHERE U7l E o REIBIR 2 His i B ik
SRERC A MER s T 5 OBy L REE 25 R
L, ShefuvTREXBEEZRSBLENHD, Lnd
RGBSR T v —~RFEOFEOFAH RSB R
WRERSS,

ek ol 7-60-213:69x W 162-6: 1 ¥ L OF 7-165-
461:203x W 162-6: 1 AT D Fa NS, Si—2
e LT 6 o, 1o Si—s Fliost Uik 2 fiofakt
BERHE (Si-2RARARSRS 35 X O Si—sRfsRferfirfr)
B FRFENEY LS 1 (Table 13, 14), 72728 Z B
SRR TR D Si—2 BBk Si-s BOFRM
JERRAETELDOTHD, ML CGRENTOTERTRME:
FRBAL Ttz No. 195 %\ ik No. 249 ol
EREEAEEN PO THET IR IR Db A
(Table 16), = iz EMFAEEE I EERET LSO,
MR oEERSHELREL T bdEELbh,

Variation in pollen sterility of F3; lines showing partial or

complete pollen fertility restoration

a) Cross: 7-60-213:69 (S;—2* C.S.xW 162-6:1

Pollen sterility (%)
F3 line Total
— 210~ - 20— — 30~ - —40- — ~50— ~ ~60- ~ ~70- - ~80~ - ~90~ — ~100
131 33 3 2 2 0 1 0 0 0 0 41
@y (7) (5 (5 (0 (2 (0 (0 (0 (0 { 99)
182 17 3 3 5 2 4 3 1 0 1 39
(44) (8 (8 (18) (5 (100 (8 (3 (0 (3 (102)
185 21 1 1 0 0 0 0 0 0 0 23
@O (4 (4 (0 (0 (0 (0 (0O (0 (0 (99)
191 13 3 2 1 0 0 1 0 0 1 21
62) (14) (10) (5 (0 (0 (5 (0 (0 (5 (101)
195 16 4 3 4 2 0 0 0 1 1 31
(52) (13) (10) (13) (6) (0 (0 (0 (3 (3 (100)
230 18 3 3 1 0 0 0 0 0 0 25
72y  (12) (12) (4 (0 (0 (0 (0 (0 (0 (100)
b) Cross: 7-165-461:203 (S;~3) C.S.XW 162-6:1
Pollen sterility (%)
F3 line Total
— 10~ — 20~ - 30~ — ~40- — ~50— — ~60- — ~70~ ~ ~80- — ~90- - ~100
249 4 0 2 1 1 1 2 2 0 13
@) (0 (@35 (8 (0 (8 (8 (15 15 (o0 {100)
262 3 2 1 0 1 2 1 0 0 12
25 @7 (8 (0 (A7) (8 QA7) (8 (0 (0 (100)

* Type of cytoplasm.

** The percentage is given in the parenthesis.
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BRI O O e R Bl B HER T 2 i
ERBIETPHEEETF oW TN BB hbh
BREZEERLTWS,

—7J5, Fsecid No. 185 % No. 230 ofji < JEMR
FaE A 407 T lE Lokt b AbFicid 5k (Table
16), Zh B RIFRHF L LCEBIFHTX 5, Table
17 3243 No. 185 fhisko LEAZ B3 Uice et
R, FHEGE Si—2 fifaEE OSSR L T
IARE D REB L LCER L, RS (F) iXTEWTR
#HK50% UTofREmER D ZEE Uk, ZhitKLT,
S BB Si—s MlE LA T HEENREY LA
AuviBgcnkfeitnERosfc AR % o i
L, PEAAHHEBE L C.S. BE S. S. b fies s

51, Fir o TFh b RERER (N+S.S.a): T
(S.S.b+C.S)=1:1oBHtHEE L, 2L
C.S. MAk % £ UBRRr > Tits %5 b ozg
MO BT 5 LABEOBHIC L 5D THA 5,

Ll Eo# 542 No. 185:1 8 Rfi & R o wTFhai
—Ji & Rfs wExnth~7 v (RATNRARS 55 vk
RARARSfo RErfoRARF) R LT LRET
NWEFERLBEBEER, Si—2 £ S, Si-2 & Si—3 DEH
BN TREHEREEToOBENA < &b 1530
RirbEELOND, OB Si—2%S, Si—exSi-3 /o
BRI REFE 1M D b B 5 I TH
dhhiZ Eit b,

Table 17. Frequency distribution of pollen sterility in the crosses between C.S.
type plants from 7-60, 7-130 and SLC133-CMS, and a pollen restored
plant, No. 185:1 (Si—2RfiRAiRARS:)

Pollen sterility (%)

Ratio Goodness of fit

C. S. plant

Total (N+8.S.a:

-10-20-30-40-50-60-70-80-90-100 C.S. S.8.b: C.S) 22 ‘ d.f. i P

7-60-213-72: 8 24 3 01 3 000 0O
(Si-2)*
7-130-425-873:4 [ 26 1 1 0 1 0 1 0 4 8
=3
7-130-419-544:1 712 0 0 00 0 51
(Si-3)

SLC133-CMS:5 (10 7 2 1 0 8 1 1 812
()

SLC133-CMS:6| 3 2 1 0 1 6 2 3 222
(S)

0 31 1:0:0 — — -—

9. 0.02
3 45 1:1:0 500  1** 0.05
0 16 1:1:0 100 1 0.3-0.5
1 51 1:1:0 159 1% 0,2-0.3

3 45 1:1:0 180 1** 01-0.2

* Type of cytoplasm.

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

3) EHHE H-2002 K0 OBRETEBRICK DT

FERMRECERYE T 5 REEEEETFIZchE T
kA~ Fom <, BFURAE H-2002 %43 LaiERet H-19,
W 162-6, TK 81-O ir K oEFIFI AL RFE I h Tw
Bo Lo THiz T H-2002 5 EEMH L Ek4
HBOEMHE L, HRERORL 52 RERC
hERZRTHC L k- Th, F, Fo Rk o HHER
BOMERER ORI BSOS MREDRBEK 2,1 DED
BT Th B,

Table 18 iR LRI FDO1FITHBI, S M
EH (15T 5 C.S. BUEG W 162-A-4: 3 iz H-2002: 5
O AR Lick 25, kIRKILS. S.bE L C.S. &
IS ETHEEL, He H-2002:5 13 Rf b5
WL Ry EO TR — N SR CRIT A~T R

B (RAsfirferfz 10X rfirfiRerfa) Te D BIBF T
Bolc b HBEIR D, bk Si-zHosme ke
A 7-130-419 : 581 J B\ ~3 7-165-465:473 AL L
B AR (F) 048z N+S.S.a: S.S. b=1:1
Er b, TP Tt N B8R LofitkET & b
N+S8.S.a: S.S.b: C.8.=12:3:1, N# + S.S.b#
OHERMEC L Tt 4:3: 1 DR FRFRE L R,
TERBiE Ak H-2002 : 5 OBIEFET LI DRE (Rfs) 23~
T w TS (Rfy) 2V (RfenfeRARS) LHEE X
hic, T7b b Uk Rfs (Table 12) wing Rfz
CoWTh, RAKIVRE L3BOBET &L
BBRTH 5, '
DRz H-2002: 6 ZILBOTEMBIC BL U 7c X
Bl ThBLRTED, ZOHGITS & Si-s,
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Table 18. F; and F; segregations of male sterile types in the crosses
between C.S. type plants from 7-130, 7-165 and W 162-A-4,
and a pollen parent, H-2002:5

a) Cross: 7-130-419:581 (S;~3)* C.S.xH-2002:5

* . Male sterile type Goodness of fit
Generation Total
(Cal. ratio) N S.S.a S.8b C.s. 1 [ df. ’ P
Obs. | 35 4 33 0 72
F; 39
Cal. - 36.00 36.00 0.00 72.00 0.50 1 0.3-0.5
(1:1:0)
Obs. 34 1 10 4 49
NXN 35
Cal. 36.75 9.19 3.06 49,00 0.33 1r* 0.5-0.7
F, (12:3:1)
Obs. 19 21 33 13 86
S.S.bXxN 40
- Cal. 43.00 32.25 10.75 86.00 0.70 2 0.7-0.8
(4:3:1)

b) Cross: 7-165-465:473 (S;~3) C.S.xH-2002:5

. Male sterile type Goodness of fit
Generation Total
(Cal. ratio) N S.84 SSb c.s. e | df | P
Obs. 25 5 26 0 56
Fy.. 30
N Cal. 28.00 28.00 0.00 56.00 0.29 1 0.5-0.7
(1:1:0)
Obs. 32 =17 19 15 83
F. NXN 49
e Cal. 62.25 15.56 519 83.00 22,14 2 <0.001
(12:3:1)

c¢) Cross: W162-A-4:3 (S) C.S.xH-2002:5

. Male sterile type Goodness of fit
Generatlpn Total
(Cal. ratio) N S.S.4 S.S.b C.s. e | df ‘ P
OBS. 0 2 Y 46 115
Fy 2 0.02
Cal. 0.00 57.50 57.50 115.00 4.60 1wk . 0.05
0:1:1) e

* Type of cytoplasm.
* §.8.b and C.S. were pooled in the calculation of chi-square.
#* N, S.S.a and S.S.b were pooled in the calculation of chi-square.

Si-z & Si—s EOMTERZIRA L S 1D RfEET ThinwEREBHAETAE LS, ZhiZLoFflE
NP TH A IR S hie (Table 19), = X#H 4 W2 B,

BT L » TRERBETLUNOER IS EBL1 bR 4) TERMEEEREESEBEORBE
5, BHE L OHEGEORRD L IR IRTR S Ml AT A e EERET R EERET

B 04y HER 2fe, W162-A-4:3x H-2002:5, 7-114- m LB BT BB E EMEIL R T 60 B
778 : 727 x H-2002: 6 35 X U8 W 162-A-4: 4 x H-2002: 6 4@ H-19 MS : 822 x H-2002: 1 © Fp i %\ T 1 1 5
D& TEARRET oS8 & 1R AR BB Fiilic 234% (Table 6) OB fliefBr, L, RA
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F, and F, segregations of male sterile types in the crosses between

C.S. type plants from 7-114, 7-130 and W 162-A-4, and a pollen

=_Fk:
Table 19.
parent, H-2002:6
a) Cross: 7-114-778:727 (S;—a* C.S.x H-2002:6

Generation

" Male sterile type

Goodness of fit

! Total
(Cal. ratio) N S.S.4d s.s.b C.S. x2 ‘ d.f. ’ P
Obs. 3 3 53 38 97
F 6 0.02
Cal. 0.00 48.50 48,50 97.00 455 1% . 20.05
0:1:1) :
b) Cross: 7-130-419:544 (S;—3) C.S.xH-2002:6
. Male sterile type Goodness of fit
Generation Total
(Cal. ratio) N S.S.a S.S.b C.s. e | 4t | P
Obs. 60 12 31 14 117
Fy 72 0.001
Cal. 58,50 29.25 29.25 117.00 11.17 2 : ~0.01
(2:1:1) :
Obs. 32 53 41 10 136
NxN 85 0.001
Cal. 102.00 25.50 8.50 136.00 12.52 2 4 ~0.01
F, (12:3:1) :
Obs. 14 8 19 3 44
S.S.bxN 22
Cal. 22.00 16.50 5.50 44,00 0.00 Pk 1.0
(4:3:1)
Obs. 42 37 47 56 182
C.S.xXN 79
Cal. 91.00 45,50 45,50 182.00 4,05 2 0.1-0.2
(2:1:1)
¢) Cross: W162-A-4:4 (S) C.S.xH-2002:6
. Male sterile type Goodness of fit
Generation Total
(Cal. ratio) N S.S.a S.S.b C.s. e | 4t [ P
Obs. 2 3 23 21 49
F 5
! Cal. 0.00 24,50 24,50 49.00 1.00 1x 0'3-0.5
(0:1:1)

* Type of cytoplasm.

** N, S.S.a and S.S.b were pooled in the calculation of chi-square.
#k*%  § § b and C.S. were pooled in the calculation of chi-square.

EOBETHBERETRARECH LTEofffxEbE
e b, 7 v~ =Rk S LR TR OEE
M E B ORI BRAED bR Th I\ Lici
b, & ORECEIEY R TRE I E ORI R REET
L ETCO—DDEEE LIV EDIITTH S,
B ORRE S #E H-19 B 5% TK 81-0 %7EH
CE L7- SOz Fo IR HWVT, 2 2 BEESHT

otk = A Table 20 ofn< 7-114:775x H-19:1
DA THCESEY RS T 5% 2 fif (439%) BE
HERLPAIL LA L2 LT X WER E ko
oo FAREFED D CEREHEOHS TR IMR TH
iz, Si-1 BIO S B#AET +hEth
ER% B3 Rz & Ry wonwWTit, m. &ofic 36.2
F 701 401 (Rf) 5 X 19380 5 5 i3 409% (RF)
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‘Table 20.

Combined segregations between the gene for monogerm and the

gene or genes for pollen fertility restoration in F; populations

of the crosses involving 7-lines

. Fitness for
Cross |Type of Germ type | Multigerm Monogerm Total independent ratio |Link.|[R.C.V.
combination cross Malfy;?rlle Fertile | Sterile | Fertile | Sterile @ | df p |Phase (%)
. Obs. 48 27 8 I 101
r—111§< :775 | Nx N
H-19:1 Cal* | 4261 3314 1420 11.05 | 10100 | 368 3 0203 | r | 439
: 9:7) @3:1)
Obs. 17 14 8 48
NXN
Cal*| 2025 1575 5251 4800 | 291 3 03-05| r | 519
9:7)(3:1)
7-114-778:1| C.S. Obs. | 70 28 12 141
TK $1-0 1 XN Cal* 7931 2644 2644 881 | 14100 | 313 3  03-05| r | 495
' (3:1) (3:1)
Obs. 28 12 4 57
C.S.
xN Cal*| 3206 1069 10.69 356 | 57.00| 121 2%+ 0507 | r | 453
(3:1) (3:1)
. Obs. 23 5 5 40
7—13(;< 1425 | oo
H-10:2 Cal* | 2250  7.50 250 | 4000 | 1.24 2%% 05-07 | r | >60
: (3:1) (3:1)
) Obs. | 195 13 7 265
T—16E';<.461 | NXN
H-19:1 Cal*¥ 18633 1242 6211 414 | 26500 | 172 2%+ 03-05| 1 | >60
: (15:1) (3:1)
. Obs. | 157 15 5 235
7’—16&';( 46l | NN
H-19:2 Cal*¥ 16523 11.02 5508 367 | 23500 | 2.16 2% 03-05| r | 482
: (15:1) (3:1)

* S§8.b and C.S. are included in ‘Sterile’ class.

*#% N, S,S.a and S.S.b are included in ‘Fertile’ class.

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

T BB LA b o THVEEENED D h 5 #1949
PHEINTWHDT, & ZIBNEEEIRIBEI LT
R RBHERDOIDORBEVETHS >, LirLESE
OFEFCHBED Si-a BBV Sia B fEB T
SRMEESRET (Rfe Rfi, Rfs 338 XU Rfe) 1L RAKE
OEETF LTEEYRETH L2 5,

7oi2 S fifsE o T ComBEOBFI > Tt Ro-
UNDY and THEURER®)®) & X 5 TF—7 Lt —t
‘Ruby Queen’ ORHNA I L OEBERRLRBRH D
DEE Ll Bl ORMEEERET RA H5\ it Rfs
B h ZhBREET L HNIBERCh B - LaiEsh
Twb, T IMANISHE® dibk&REREO—F4
HEERRREE A AR T, 5T 5 2ot
BIERET & m & OMcRAROBEHRARD T3,

Ui LR b~ 70 < Stk mIE M B3 5 BIE TR
RIMEBC L > Tl b B -TEH, ThEhE
WURE ShCBEF 2 EADRETS & LinED
THEETHS, FIZIZEZOMBTCISHREDTT
HiEE oRERERET 2 ST M A ERE
Eh Ty, i ROUNDY 5D R 5k Rfs
BABECRE -7 RA % Ry LR PEOREETFCH B
FHEME AN I

—7 IMANISHI OEENC DO Tid, HEETRRI O
MR AR CHRA LB B 22 TER LSS,

2 OMREETESFOETREEBORE L —HK T3
B, Fo MR 9:6:1 20 bt LA 9:3: 4 Bmif
Réted, LidsTREDOWS X 53 ZBET
HEED RAR® R EA—EETETHT L g
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PERD, BTFLY RA & m oMBREAFEYEELICL O
ETVZ VIR T TCH B,

ABERBRCE T Si—3 3 X0 Si—a MUBE i < £2
VEEEET & LURE L Rfs Rf, Rfs 35X 0 Rfs
BThd RABOBETF TRV & AV L,
BLEDRERIL Si—sxS B XU Si—axS b EOR
FBIRIZOWTOFEED 10 &5 5,

5) HMBERMERCTIRERNERAKMTO

EiE) i

3 L REMRE o P hic, HEVGe Rz sink
EEBETFOEAEREE LT 5751, RElE
B R+ REETE (N) BEEH CHE #2175
T A X o TC, A BV B R 0 Sy BRI

KM CERYE LT LT THD, KL, W
HOBETFRYEELBREA I FLo#cowv-To
By FOEMLTCHL LR THY, AEBRT
(THEE TR D BIERCE HIBCCHE TS L, »
1 BREBRERC X » TH—HEr BT 5k,
7-27(Si—1) & 7-114(S;i—q), 7-27(S;—1) & 7-130(Si-3)
DL, H\W i HIFEEE O R e 5 fabk E R 8 AR <Rl
L 6 OB 2N TERThE—HRELXIT -2
Lz s, WTFRIEB T HRHECH L2 82
gD btz (Table 21), = 2B b B
B POFREESBRA SR B s, MiaEo R B
LTofEEDn 1oLk higs,

Table 21. F; segregation of male sterile types in the reciprocal crossings between
pollen fertile plants (N) with different types of sterile cytoplasm
Cross Male sterile type Total Homogeneity**
0SS 3
combination N S.S.a S.S.b c.s. *
7-27X71-114
(Si-1)4(Si-4) 74 24 49 76 223 17.74
reciprocals 123 22 45 49 239 (P <0.001)
7-27X 7-130 e
(Si-1) (Si—3) 131 37 57 2 227 66.19
reciprocals 170 16 1 0 187 (P<0.001)
7-27X7-165 .
(Si—1) (Si—3) 130 57 67 3 257 87.25
reciprocals 222 59 2 0 283 (P<0.001)
7-60x7-114
o 60 33 26 0 119 17.34
reciprocals 65 52 47 20 184 (P<0.001)
7-114 X 7-130
(Si—s) (Si—3) 77 29 23 49 178 27.38
reciprocals 105 41 60 22 228 (P<0.001)
7-114 X H-19 MS

(Si—g) S) 155 28 15 49 247 54,14
reciprocals 193 29 21 0 243 (P<0.001)

* Type of cytoplasm.

** Homogeneity between reciprocal crossings. .
#**k S § b and C.S. were pooled in the calculation of chi-square.

4. = =

R SR T AR ERGRENAROFET A &
EixrvEmay, S Ily b, FRRF, 2LF
BBV F A COoTEEY TMHER TR Y, Lot
LB HE- BRI RBEONE & i - T\ 53910
33),45),46),97),104),112)  Fx ¥ b v E w2 TR A —FE N

OERFEHFEPLEBEORL A TRMRE N SR RER X
h, ThORERERET & O RGO &
DET, SBICCO3HOEARL, thiddih
RS EORBMECR I Sh D L1598, T
B BECHREOSMAREER TV 2553 5
H, KIHARA%) 2 TSUNEWAKI H112) pio A=
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r 7 AR R THIRE DS b OREL S i Lic—
BOPREFDFATH 5,

—~FT VLB TRA v~ — A X - THR
REDS LRRLBABOTRMEE TR IR
AETREBEREEE T ORERBRLT, SMER
EOMEfFROBRCHRF R s, NMRER O
H-2002 2: 5 & hte Si-2, Si—s 36 X 08 Se—s HIBAE
CET AR b Eh EhicfE AR b T REEERET O
iz S MRECE  RA, R D LxRiR-Tuwi,
Thbb SHRECHT5 OMMAE WI62-6:1 (%
Si—2 RIEHTS R BIXU Rfs le b O Si—a 1) <
Rfs %, ¥7Flo OFEMA TK 81-0: 1% Si—a X
THRAEBIVRAZBDEDO~T e BICHF L T
BT EH, Pl OFREIEHBIC AV 73c3EER X |
B Llc, Licdis T hb ofbEIEERTIRIESHE
Bk ek e THERR S h T3 RA, R Lty
B lTkh, TR LA OBEGK S Mg R
Pz OB E LTOFA L RERRTH - oo

Bz Si—2 IR %t 4 % RE B {@ ¢k No. 185:1 4%
SHENE Sis filaEE b o e Rz REE L
T THHT, WX TER# H-2002 X v ERHEA K
BUETERE & A WIS e IR AT & OJESSHI D
A RAMRE T h Zh B RN R e b Rk E
BFORPBEE LB 2R RETHEEENE L R
foo Fig. 2 Wizl HH L MREEET O LD
R b R R IEOBRA ¥ LD TRRERTH
BH, Thir o ieb P b d Sima, Si—3 BL US4

X denotes the absence of interaction between
the set of pollen fertility restoring genes and
the sterile cytoplasm.

Fig. 2. Diagrammatic scheme showing the specific
relationship between the cytoplasm types
and the set of pollen fertility restoring
genes.

7S LRRBOMBETH Y, HOBERMERIC SR
HBARIMEEIND ETHONREDETAEMEE LD
ha,

HFRER & fathm AR T Sy el E e o B
FBAET B Lo A%, PYERIVHEB LI A=
vy PRECTRBEShEEACENL O, LL
a A ¥ e v il RS R E R ST BT S
BELRAYBESRE, REILICIERBE KD Tk
b, TUHALOEELILDOETHERYRR T3, T
HbF v TRy v —RBH Y E LARERAER
FHEELDBET LI LT NHBEEROR — &k
W0IRMASS BRI ERES  ENTELRTS
b, LirdEhFR i T 5 REEEREF R
LD O BRI REFE T 1,

L7z o THARE IR T 5 5 EREET O 4 «
DT 2 NTHUER B 5 I BRI 2 Bl Lohug,
BB x5 OB H L REBIVFRTE
BIIECTH D, BEE7-60-213:69x W 162-6: 1 36 L OF
7-165-461:203x W 162-6: 1 D 2 #l&w D Fs £/ X v
Si—z B IO Si—s Mo rhFhicsxt$ s REBAEE X
h, ORI BIERH I i,

Jo. KNAPP®) (3 4 TOREETRREG L EHR O 18
Bl LD pair cross 1T > TR COREMETT BERA
DA THEE e R AR R B, RKIE O
HEAREMNOZLR L b i LAKRETH O L
JB Ui, #7- BOSEMARK® X5 1. I. R. B. Tt
B R R IF7 O FIp:, Buv b h TR o2
TEEYTHLZ ERFRLTED, HEER D>
WTRBEENTH S, BEHOERE B THBREOTR
ME (S B RBRBEARTRLM IS 5T,

ARBIH - HETREREDThb 7 v —#
FRCEBLDTHh, MIEEREL e CRERE T
LI 2 OF AT BIERL, TokDREEFD OR
BB LTRIERAL RS e s 55 a8 LTk &
LTEEBTARERDH Y, L LI E Tl
R CHRRED BRI L i & T2 FREHOT TH
WEFE BRI S h, M TRRERER 2 BT 5
FadEE BT COMRAHD b b = DRFREAEMT S
SRS N, i BRI E R o 1R
BT B ich O ik &L LTSEFIA T 5,

Py Ewe 2y TRARBACACSRTER THETR
AR E S HRRIERRE O T v — A Lo By B
MR RT o LAV L, MR BTREARY SR D
MR A T8 e b RACMB OMRE TEL: 503
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MAELC TV, BliErveEravEHRBRB L TR
BHREOB B RO AN AERE L FichB e
p18), B ZhE CoBEMbRACEHLB LD L LTAR
DA ECREMA (multiplasm HR) AR E X
NI, Tl S—A 3 vy P TR—HF OB ER
R UCTRAFEHERREL & 75 0 5 DR E i 3 E S8
L7 BRI RGIIBS % (reciprocal maintainer-restorer
relationship) X HT5RMEBER LT, “hi HEHE
BEECFIBTRAILTHR TV BY, RERBT
EEERIC LT, T U4 B LT C oEERE
FTREBRETDZ EQWERRITTH B, 7 v~ —HAL
B S RBETHHREO ALBRIBEENER LK
EVWEER D,

FAE BEHEARERKRCHITBERRLD
MR aEsRE

1 #

7 v A ORI ERESETRIT S0 ATEEE Lz D
F = RO RE & BEH LTV 52,36),40),69),80)  47p
bHEESHE COREATEICBEM O AT 5
hBEEY 3500, ZhiISBLRROLHE &1k
mEhY, TLATERWS T, S aFlierd Tl
ELEAET S 4 <— PO plasmodium {b & FDR
FBERPFEAEE EOFERK L L THEcER SR
7co %7z KINOSHITA and TAKAHASHI®) X IF % #
BERRH H-19 sk T SEOMM TR 2 R 4k -
20, 727 B XU T-54 oW T LA BED 22— N R EE
WRELTW 5,

AE T 2 BOBRERITCR - - 3EOBRERE
H Si—z Si—3 B IV Si—t XM EhfAT 57T
Bk 2T, BREERD S iREL2E T 55T RE
B (LUF S BN S 85F5) & OHBCO Ty o
FEATEONTFE I OEBHBOREREYREL
TEBRIE DM ER RS Rz 7o,

2. RBMMEITAE

AR B SR O REM AR E RS H-19 MS 7
LUV H v — Rk R © 7-60, 7-114, 7-130 35 L OV T~
165 DF 5 R/ b L M ThiE BT #A KRER TN REE
KTH%B, BIEHROHICTAIER L (HBYEL
MR RE L LB S5\t h b 0BRED &
PEEIhT,

BEAVERIC Y » T A B X b BTERD 1 JEfE T O7EHE
HEERL, HA 0 TERTLSREEEE D%, Karpeche-
nko ¥ETC 24 B¥IREIE Lic, 12m D57 4 vilh%

il

EDVFS 74— FD~NT 2 ) viRE=A4> VT
TERERT o, RBAR-FOBERE OB B
i, B R RTE Y L Edeo 249 50 EFEE Ui,
— RO BB R E LTitF v e — A TR O -2
S74 vEBKRL=Z, — A CHEBEb 2 — Fa—

KU TR LRGSR .

P EoRE it | - se 2 N o — iz @ o
gErd AVbhiedt, FoBsREreTtlED
WAL 2 BeA i Lieh v TR CEE UKD — 3 v
THROE, ELBELBECL YRSV 35— b 2ERL
THREEL I,

FORERE P OFETRTAFE - MU ORED w Lichis
foo ThbbIERUS THERSE LT AT oK E
X, BOME, TEM/EORERE ML ORROZEL
s ERFT/NETR, P BHcES L, BBk
ENCAEMRID R LTk o b » IR & Lic, &R
OEEEIRBT AL TOmL Lind

L TERPasFH--- - 4 B OIRMRRNE TS L
ThBE S r ABENE T, BIPRICAIET B,

2. PNEETHIE - P T O 2 B35 TN LR
BT Eien, BabRBeh b, RRITELEE SRR
Vo {EMSAEBEORE L TAT TH S,

3. PNATER - PETFOK X XA LB RE
DRECTFE IS, FRtEd TEe £ < — b HBRAH
LA D,

4. NHEFEE - TR EEN i IR LR LR
Wwhhb, WEIER LRIREOKIS b oL RE
3%,

5. Temdl----qEksteE, RFFLSIER L, TEH
REHOERAEE L s, ZhicthyRIBRESh
7 fs%,

3. E B & B

D B85

S S IR oW CHE LR X hud,
BRSO 1 S BB CH T 9+8+1 e LoTRHAI
By 7o YR AL A D TBEE R DB I h TV 5,

LIV AEO T v —RThb A v —
WHERC L D RRERGOENTH LA, HhomR
HEROBER T ENEOE BENERERN R
REH S, e bHERERED, ZELVET
TRAEE LD ERRGART G LA LRKIh
LEZBRE,

HEBBSBOHAE (Table 22) Kk WTh, £TOH
H ==/ T S MARREOBE LR E ok s
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Table 22. Meiotic behaviours in C.S. type plants from four kinds of
7-line and the S cytoplasm strain, H~19 MS
Chromosome configuration at Chromosome distribution
Line . Type of diakinesis or metaphase I at anaphase I
i cytoplasm : 9T - Others | Total 949 ' Others Total
H-19 MS : S 43 0 43 51 0 51
7-60 Siz 1 13 0 13 27 0 27
7-114 . Si—a 38 0 38 25 0 25
7-130 | Si-3 20 0 20 27 209+8+1) . 29
Si-3 ) 16 0

r-165 |

16 14 0 14

served in complete sterile plants

BRCIRRAMEAZED S Wik iz, ThbbHRE
HOTEM RO XB T O TRER S X 0% 1 458
R 9 A0 2 fligufath (Fig. 3a, b) 2%, g1y
AU TR 9+8+1 DI HIR Lic 2 fifE (7-180) %
HERT9+9 In B REMLHE (Fig. 3¢) BEHE S A, R
TR ER O 23 b, LBATEIO R E
CENRTH ol

2) INEFRERERE

S TR CIL T ¥ TR ARTSCHWAGER?
ik LA Teh BRFIREK X b B LW AIlE SR
ERREINTER, FAERTY ¥ v~ R i B/
BT3B & o SN FRICTE 5 iz H-19MS %
HORWHEYT - 7cd’, SEEED IR 2R3
W5 FHA S ANETF R - BRI T E <~ M ifaD
plasmodium {b & ZDIERMBR DL, T NHIZH

Chromosome association (911) in diakinesis and metaphase
I of complete sterile plants (1000, x1500).
¢: Regular chromosome distribution (949) in anaphase I ob-

(X 1500).

THADKREZOREEE AR, TOWRCIEKRREDOH
I ST 538 A2t 0 X T L 23 7] B
T#H% (Table 23),

TiabbZ S EMR T8) BRXEFRTHD1R 1 /v
LEAED 2 2 — b HIB D LA EIE D i 6] - TR
MBERBCE AL, 1¥5 pseudopodiumlike incur-
sions 2T LD (Fig. 42) ThH, F L v %%
OB L2 <— MIBAELWEE L, Hico b EE
ORI ETBE (Fig. 4b) # bk (IITH) sz &
T 5, BEIR—0SEH, iR —EERemiEx
BAET 200K Th - 1end, WEo4AREEEE
I-THEEL, hriuThs—Fo" L b sl
BELIbhote, Tl 20HRAR2ENRET SHT
BHEhich -1,

MEFIRE R -+ OREEERIBRCETEEL L,
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Table 23.

Abnormalities of microsporogenesis in C.S. type plants from

four kinds of 7-line and the S cytoplasm strain, H-19 MS

a) Abnormality of tapetum
. . Initiate stage of abnormality
I'ype of abnormalityl)
Line P ormanty Microspore Observed
plants
T ’ 1L ‘ hi{ Tetrad Early Middle Late
H-19 MS 4933 258 0 1 5 9 15
(Sp) (65.6) (34.4)
7-60 618 226 0 9 8 1 18
(Si-2) (73.2) (26.8)
7-114 592 138 283 3 6 12 21
(Si—a) (58.4) (13.6) (27.9)
7-130 626 411 0 2 11 7 20
(Si-3) (60.4) (39.6)
7-165 403 89 0 1 6 -3 10
(S;-3) (81.9) (18.1)
b) Abnormality of micréspores
Abortive stage
Line Microspore Observed plants
Ealrly Middle Late Pollen
H-19 MS 4 9 2 15
7-60 4 10 4 18
7-114 2 5 10 4 21
7-130 1 6 4 20
7-165 1 0 1 10
1) I: Balloon type of tapetal hypertrophy. II: Hill type of tapetal hypertrophy. IIL:

Vacuolated tapetal cells without conspicuous swelling.

2) Type of cytoplasm.
3) Number of anther loculi.

A B O R L B I N T, BB L
B DMENRCIEROBREAHER IR 5 DA L 3
(Fig. 4¢), 7rds&~2— b BF ORBIRFNIIEF M
I ags ol civ TR be T Tam T, £
~— L EEATERAROBEENEETH D 2 L HIRR
LTW3 Eordihzbh, TORREGKINTLLH
BTV, & ~%— FEX & /NETFRAE DA R BY
LCix Table 23 wrRdin < EARZEEI NS ],

Wi o Timsy T4 X v/ MNaThiE ¢, #ECr
INEFHI L D TERIICE D ¥ TOBRIEL AL R,

—i v =R RECOWTH SETRR
OBE TS T LT o F e 2 <~ — 1+ #
%o plasmodium {bx &3 2GR ERE LB, ©

The percentage is given in parenthesis.

NOORBEGE TS ARt 5 LB MNaF
BB TUb RSB, fof Sies MIBE
AT B 1-114 ¥ ) OFSTRRBEP I Eofink
CEB A - EBRIEMAT, ZheEBLMCRAIER
5ETHD, Z- MHABORERE LR THEANS ¥
M T~ 7e (Table 23, 24), 7-114:2, :4, : 8% X 1¥:18
RV s - MoK ET b0, To%
< i3 L Y 7¢ pseudopodiumlike incursions K
FFCE L - MlESEECKME L E T BE L
(Fig. 5a), /MaTB{k & Sz Eis (Fig. 5b) LTl
IhbEDEERYEEDBOREN S, T-114:1%:16 T
= b R B e R R e e Rk b
& &7 (Fig. 5¢) MNEFHEF i E » TaH
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Fig. 4. Abnormalities of tapetum and microspores in complete sterile plants with
S cytoplasm.
a: DBalloon type hypertrophy (x5580). b: Hill type hypertrophy (Xx550).
c: Degeneration of tapetal plasmodium and microspores (x250).

Table 24. Microsporogenesis in C.S. type plants from the S;—4 cytoplasm
strain, 7-114
a) Abnormality of tapetum
T

Type of abnormalityl) ! Developmental stage?

Plant No. o I ____ Microspore R
I | oo Tetrad Early Middle Late Pollen
7-114 :1 oo 0 54 | ——— x
N 0 55 i -_— x
4 10 0 48 - X
8 0 0 56 — x
115 1 5 38 — x
.18 8 0 32 N X
b) Reaction of starch by IKI in endothecium and middle layer
! Developmental stage
Plant No. I M}m;osggL o
P.M.C. Tetrad Early Middle Late Pollen
—— . [ .
7-114 :1 44 -H-' 4+ _ _5
12 : + —+ — — — —
4 | + + + + +
: 8 + H#+ _
:15 + + + +
118 + W + + +

1) and 3) are as indicated in Table 23.
2) «——: Tapetal abnormality X : Stage of microspore abortion.
4) —: No reaction. +: Small. #7: Large.

5) Microspores are broken down at this stage.
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Fig. 5.

Abnormalities of tapetum and microspores in complete sterile plants
with Si-4 cytoplasm.

a: Vacuolated tapetal cells without swelling (x550).
b: Degeneration of microspores and highly vacuolated tapetum

(% 550).

¢: Degeneration of tapetum with slight vacuolation (x550).

CHEE L, SSEEORMlICHVTROB E LTE S, %
2, MNETRRBHCIBECRT 2 EL LBLZ D T
PRV A

SHIUBL St A v FAMEREEREED S 2 .S Ml
B %A T 5 WS AFRBED 0 7 £ ch RESh T
B2, SENE Si-¢ MREROSES R RE AT - TE
22X (Table 23), MEE O RIM: L OBIEIC K\ T
B3his,

R TFhoF v — R b BRI L O ERIEA
OEEHATD LN, ERFICHEOESIL VAT
SARBOEE (H-19MS) Lhbbithof, Thb
27 0> FERREN DT R D e o TR IS FEM s
REHET 52, 7-165 TR LRAciE < TREMIRIER
DAFREEDE <, fiih T-130 ks iR 2 h
PMEVERIZ 2 - 72 (Table 23),

¥ - RAE A 2T C.S HTH h BRI L A —
Th -1 b b s T, MIFRIEOREHR & ~—
B o RERICE] U Citic & 2 A—RHHN T L EAHE
PRAVNE S Ty, BT 7-114 22 7-130 TiaE D LR
MEDREWETH T,

3) FHEHABOBSRIS

FETRB O ULEEREL RTH ERRK
o THEPHEIBCEBARECER L, BitcE-T
LIERBET S Z EAHMBLR T3,

SEOFETH £ ~— r @ plasmodium B B k%4
T 5 F2ARERC O TR ER BRI < Ao
ErEARD BTz, Libie Si—« filaB%dH 45 17-114
TR I B D&~ F BREERTTE2ARIECIT
PTFELLL BB KA T A E AL RS h
(Table 24), fifloRREIHESELCEHETRICL T
PRV Ao
4. #& =

BENEY O MREEETRC SO UL v o Y10
Y r KT ) e EOWMEGIRER XL B RFOY
BETENC AR D BB BE& A<, B LARK
SEbis - L FHIDRRCE T % £ < — PG ORER
B EBE L TERICIB Z 5 HEAINS D, Lals
v R EA 2 VD BB EA R TR ER- D
WENEFIRD LT, fiFese CGMNITFORE
& B — + DREGER & ORI (timing unbal-
ance) 7%, #F Cu/MNAT B RORETRCESRIE
DENCHIEHRROER LB bR T 5, Tl F
5= 7 RF w2 V2B il e ABEDR Y
RVBEDREREAILEIND DL H B, LD JOPPA
W 3FE7 = —EHIREERE TG AFTIES
DHEFRBEDODREXHEL, T4 BT h
ELOBEN 2= — PR LBCREIR TV 58,
= OFRT 3 MR R A RO MRS TR
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T,

AR U RARRRIMEAC DT v —
RO E L EDWR PRI DR EMEOBEE I LU
B ORI B » A HAME R R S Wi i, &
WA RS TR R EE I TR R R
DHIAE & I A RANC G B BolE TR A E F
Ax8bLTw5, BICHE LA ma TR R
M E—TH-Td, MRELBRET OREGHIMR
RREl—Ciev, PN RLoREEE LT b BRRMAE
FHE CHEORD N EEH - 1.

Tisdo T-60(Si—2), 7-130(S;—3) 35 L U8 7-165(S;-3)
D3F/MTIL 2 —  #i 2 D plasmodium k& F D
FoARA A ERE o W & T8I S h, MRk
O S ERRBICET AL skhREL 2k X h
feo LB Si—a MIMEE R R T 2R/ 7-114 dhicit
2 — IR LB R LKL Lc 2 ¥ AL C, B
#7s plasmodium (LB T2 Lk LcE#+T 584
MEH SRz,

41 ARTSCHWAGER? (¥ S Bl AR T
fAx0&— MfarEECKRRE L TiRs A EEEE
S EEPRTHRRIFCEE I B RIR L L, B
HH® LRROBE R L O IRIB R E LT
Wi, Fi SELRRRL 7-20, 7-27 OFRERETHH
P LB M E IR T3, 7T-114 thic B X
e 111 B oo S B e B U Cidds s 5 B I ich ke
Kixb <L, LULAB 4 Y~ Beta maritima L. O3
ETHAEARRD cabh i < 2kl icg<— o
EABE L VRHMTH T,

ARER XD b, 7-114 DA ORSE Tl o OBl
B RER (IR) 22+ 5FHa2obhinn, KR
AN T % LA RTAGIRE L TE D, 2
DABRENERS O BRER L 525 REE & LT
w5, L LA—BEToREGc IR S il jag
W OFERARBARC O LB T BRL, Thd Sio
AN ERC B U BB ThH DR R ST 5
vz X,

=TGR IE B EEO I W T — /)
NI g LR OB U EA Liad, i
TR DRILIBEFC /e D DR L, FREH Ty
HBTEH E CRE LETHEOER LB TH B L il
BT, 4 FOMRIRMB X AR T b MOk
BB, ThIIERTRORRG 1 >R ERREEO =
FAF R E LIRS ORNG & s 5 ETHED, #F
FEP LI ~OEBIE L H D L ER LT L D, B

BB SE S 2 <= b Db B BMIR R  LE
BRE&ET HELAREECIE LTRSS, LiL
7114 da B X hufe T B oD 588 2 3350 TIE R o
BUE LI B DI RIG A R T 5 E b B o 12,

F BRI 2 IR BE A o A IR SRS (3B A Tl p A
BLT e, A FOEBA BB MR « x
g, R oGRERFREAA U CGEBNThH S &
Wh, Lichio TZORERR-CREMAETNICE Lz
HEE LV RERYET D,

LASER and LERSTENS® (3% -ftity o> MM HEdk 7R
FRIZ O CIEM AR R B Ol A M T B R i 2 5
SEAIEHMIICE S SISy L, e iR R
- BETRLY, BAHT Lo TRE—EANT, LiZL
EHET A LRI LI, T b~ b TIREERR
Ba59 % 6 ORET R T FR MR B RER
NET R A L AHEEIML TV B™), KR
T BB FE Sy s SR LB, 7114 L -
130 @ 2 R/ T2 <= — P RE B L OUNIT RO 4k
e 2\ COBERIREPRC R TH - T THhE DR
FAafiaE o R ER T 50 BEr2H LT 51
BRI T e ER R i S i,

B5E %A BB

B & R MR E e b B EW B EE R RO L,
fok x Bffife o LRBER CHBIRE T - Th ThofE®
VAR I RB LT AT ED 22 A F H B ik
=¥ m TR HHGCETFENSHEL A I,
% b HTHEREY b bIS W &8 U Rl EE
ThHMRERET OFEC L SORRIBEREE 25
hicBRTH B, —HERECI 2 v P Y 7R EOHME
BALH A T, REREEN O ST DNA &
AR D00, HEHEI KL I8, BT
TILBETFRIERHROEA L - T L 52 DNA
DFR WIGEC T » T E R,

Lo LIIERETF O BESERGe0RK, 650
1 DFHER e Tkl O — RO EH 2R X
MAEOEKILTLHEL v, BIBESFESCE T
WA ERFENTD ML S TES T, BT h
AFRTRE SR ERET ORB S OB BT 5
FHSA RIS o LC & Wb 4 5 % < O 7t % &
B L, MHEBHL SO AMEMY OB R R
BTV B,

—FF v 4w B o TREGEIC RE LT
BT v — @A ERE L LTERIAY, LrdE
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WSO A < FRMBE TR A Mo S B (8
KRR Lok, LTI zreEbhnt
TRMITERFERCE s h o RER TR L, FHil
Wk U i BERCERET 2 - &8 d bR ERT
H5,

MEERP AR S FRIWE BIcn, BIEFD
B L L CoRBIMABR IR bk, Fhut
ARERE T OFRERC T B ED L DAY, T
VAL Er 2 Tl e F o UBEERITI TS &
U CHIBB MR ORI 2 00 5, foiind
HEIBNZECOBIEPGERET 0 A BREREOBE LH
—THbh, H5H CIHRERET OGS EDLED
THREOBFCEE O s Ch BT O Tlol,
LOLT7HARFE), by epa12) 2 Livy b7
B B L OT A0 OREMEAREE TIRIER I E B ~0
BERERAPRES N TR ), MREGET RS 08
L BIEMEDOABRIRBRCRED AT EE LR EFERT
&b,

EDWARDSON D519 iz L I EME AR O%
EAITREEET & RERIE MR T OMT fEMc LR S
hABTH Y, L > CHEGEET Sl CCilfa
BRI oWTCOBREBEENE b IR T 5, Bzl
GRACEN and GROGAN®) 3 b v -Er a2 v\ T
BaReT 5 BEOTRMRELYEROBHCEAL,
TEEATRE R & Rt EORE F O E RGO R X b
SEORAET, S, CRIVITALITIIE IRV 51
OB P L. R s—1r vy 18 T2
Sy S BV S, 038, e N 3 SET O
2R, S 4 AFD pRTRAL ED “LPampa” 3L
“Primitive Persion” 705 2 FEDORFHNAER DL
ThZhmmbh T b,

S ORI E TR b F—fEMe, ARER
BROBEARLEZLO MR I B, HERBRHOH
HIARBCH D, I LEEO RN R THEY TILB
KRG B ANER S CL A REI R EEET
EA L CWRFRETOBGETRR L b, EUCE
BT LR o CHETHHEIETHA 5, i
MHEY B T R—ENC SRR EZE R JiE
BANTHRESh BN &Ll B HE AFH1) g
L3310 fp O B ML R oy LR RS o 2k
WEXhTED, OB CMRECHLI Y, AL
OB IL—EORHAY R LT3,

LindbieT w94 T N filREMOR—RHEH 5
VLR S B o BRI EARARER SR, L

13 2 2 B TER 2 B TR EHEE T 3R R
FHFO OB A IR T, BAER i
b ORAHRER OSMLAET A7 D, BRERIEEE
FEETAERIMBEBE IR TR EARHTBESh
5ECAHTH D, BOSEMARKD 0 EBRCEZDT iy
TR B T d B bR TRE T 5 B R85
hich o fedy, B F A% v, +az, hEE SRR
*RICT A ARMBRERC I BRESRARS LR E LD
LS § 55,
MREREZOS Y - TRz hE TERKZ L
HEBBEDBEBRRNARAOEE LR T, L
L2738 FEFATRELA VT <A v v ERBRE
& UCHR MBI E R E R AR &R, Iz TofD
N LRI 2 S T T A S X DiEE
BRZ TR 2 5 RE S 008 20
TR 2 A FIR L, EREERELEETS
BETHHEARFEER TV, BEEODCBVTHES
HRAIRIRE S X D IR (cybrid) fF H B o5 2
% DNA Bifih i B Ui 4t DNA OB B fe bk
MEHTHTHAH, Lo TEARCH U< 8E
D RIUTFARIE D ALFBRFIRE L I o o & &kl
BEREOHHE LM T LT —2o0RBRE VMR L #
HEBres ExBERLLS,

& =

1) AW Ciror v B X - TGERShicT
v A ORIREREE TR B L GRIBFER R S Ol
R AR & 3R 1

2) EHBEMRRELYHE T EERS H-2002 25 fFH
Itz 4 oMM TR #H 7-60, 7-114, 7-130 B L O°
7165 iR Ty, HEMEREEESDC ED My RiIKES
¥ CHENERCHREES N, Dhehnz, BRi
& O ZHE-L MR HBEN S, Zh b OTRBEENE
EEOECMIERERERCER T 5 - SR L,

3) wWFhoy v —RFC TS IERBREEE
BBISH e 2 MOBETOBREAED LRI, Ll
b O 2 BETFHIOHLMERFRERHM TV Ic R
feaTnic, T b b 7-60 %6 Fy Tt N+
S.S.a: S.S.b: C.8.=9:3:4, 7-130 3 X (N r-165 %
AU st 12:3:1, #r-1l4gonT
S HRHOLEOWL 9:6: 1 ks BT Zh
Beivic,

4) BV IR AR EERS H-19 X v RS hiil
Bz R RET-20 8 TOT-27 B LCh S BIRfE
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LR s HIERRRG R ER TR Y, Thb o)l
bbb, S L RE o 4 MoAREMEE Si-1,
Si-2, Si-3 BRIV Si—a B3H v~ NI X »THfz
CHReLDOLhIcETHEREIEM T La T
&%,

5) S Hp B IIAFMRER 0T ColEniaEmEE
AR S LR Iz CER N D/ E
BEFEETCREBOREER I FELREL T
B Lk Fy S EERC B TR E RO L itk X
DHERR LT,

6) Si—2, Si—3 B LU Si—s DRMRETOWTSH
EDORFE RIS 5720, SHIfECET2 20 OF
ik W 162-6, TK 81-0 X h A3t LB (N 7f
rhrferfs) HIEBBICB W ORESLSHELT o7 £ DO fE
RWI62-6:1 1% Si2 fEALE LT 2 META Rfs
Rfs & Si—s iwxiind % 2 BIET ONO LM OMBET Rfs
%2, TK81-0 % Si—a i) < 2 Xt OMRMETH Ris 3
JORfgH T NTFh~T e B CHEE LTI EHRE
N, Lo TohbOiEE i O Btk e
THEFIh T RA, R SfEziRicl, Lrd
PInBA~T R BEARO RFBETRVWTRS SHREC
S UTRERBEERZE L Tw i, Siee, Si-s
FIOSi—4 11 S L RAEIE S HEE L, ¥ Si—2
& Si—s [ CHBSMETOBEAP D L HE L
TWBDT, MMEI TV CRE L A3,

7 2O YR A T-60-213:69x W 162-6:1 45
L 08 7-165-461:203x W 162-6 : 1 o> F3 i, Si—2
RO Si—s MBI 0% 4« 1wk 5 RER (Si~eRARS
RfsRfs 38 XU Si—sRfsRferforfy) & U LI §i% o
Rf #RHA o 1 {E4 No. 185: 1 #TEky & LT, #ilg
BREDRL C.S. ik s oxr RA R, R
Blrdrd SEIU S MilaEvHET5 CS. B
SLUTRREFE LTEA LT AV L, i
Si—2%S, Si—exSi—3 e 5 RBEIBARSH S 1D THIE X
iz,
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Résumé

A review of cytoplasmic male sterility has been
presented by EDWARDSON'), who made a survey
of the literatures published on 80 species of 25
genera in plants. He classified the source of male
sterility into the following categories: 1) arising
from intergeneric crosses, 2) arising from inter-
specific crosses, 3) arising from intraspecific cros-
ses and 4) occurring apparently spontaneously.

The possibility of the genetic alteration or
changes in the cytoplasmic factors concerning
male sterilities was suggested in some species of
higher plants. RHOADES™) described that the
mutaplasmic gene, 77 induced both cytoplasmic
male sterility and plastid mutations in maijze. In
addition, pollen sterility caused by the alteration
of the cytoplasmic factors was reported in sor-
ghum, sugar beet, maize and pearl millet after the
treatment of colchicine, gamma ray, fast neutron
or ethidium bromide, respectivelyl®,23),48),107),

Although mutagens such as ionizing radiation
and some chemicals, and interspecific crossing
have been reported to induce cytoplasmic male
sterility, the nature of the affected cytoplasmic
factors and their location are unknown. Our
knowledge of cytoplasmic inheritance in general,
and in higher organisms in particular, is limited
partly for lack of suitable experimental methods.
However, cytoplasmic hereditary factors are real-
ized to constitute a part of the genetic system and
they may participate in the evolutionary process,

together with the nuclear factors. The evidences
for genetic differentiation of cytoplasm types in-
ducing male sterility have been shown in maize,
pearl millet, wheat and so forth.

In sugar beets, the first example of cytoplasmic
male sterility was discovered in the variety ‘US-1’
by OWEN™). This type of sterility is extensively
utilized for the seed production of commercial
hybrid varieties and triploid varieties of sugar
beets. Recently, as stated above, cytoplasmic male
sterility was induced from diploid varieties with
N cytoplasm, by the gamma irradiation of dried
seeds.

The present investigation dealt with the mode
of inheritance of pollen fertility restoration in
four male sterile mutants, 7-60, 7-114, 7-130 and
7-165, which were induced from the N cytoplasm
strain, H-2002. Further, the identification of male
sterile cytoplasms both in spontaneous (S) and
induced origins was performed on the basis of
the pattern of interaction with the set of pollen
fertility restoring genes. Cytological observations
were carried out on the breakdown of micro-
spores in the complete sterile plants derived from
these mutants.

The results obtained are summarized as follows:

1) Mode of inheritance on male sterility induced

by gamma irradiation

The transmission of the male sterility was ex-
amined in each of four mutant lines, 7-60, 7-114,
7-130 and 7-165. These lines transmitted male
sterility up to M, generation through mother
plants at relatively high frequencies. This shows
that male sterility was caused by cytoplasmic
mutations after the treatment of gamma rays.

Phenotypic ratios of male sterility differed
among the M3 and M, lines produced from com-
plete sterile type plants chosen from each of
mutant lines, under open pollination. It may be
partly caused by genetic variations in the interac-
tion between nuclear genes and cytoplasmic factors
of mother plants.

The inheritance mode of the pollen fertility
restoration was studied in the four mutant lines.
It may be said that at least two major genes were
responsible for pollen restoration in all kinds of
male sterility. However, the modes of F; segrega-
tion in three cross combinations involving 7-60,
7-130 and 7-165, differed from the 9:6:1 ratio for
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male fertile (N and S.S.a), sterile (S.S.b) and
complete sterile (C.S.) which was manifested in
the presence of S cytoplasm. Namely, in the F;
population of the cross between 7-60 and H-2002,
the recessive allele in one locus (Rfs) was epistatic
to the dominant allele in the other locus (Rfs)
while in the case of 7-130 or 7-165, the dominant
allele in one locus (Rfs) was epistatic to the reces-
sive allele in the other locus (Rfs), showing 9:3:4
and 12:3:1 ratios, respectively. In addition, the
9:6:1 ratio was confirmed in the F; of the cross
involving 7-114.

On the basis of the results mentioned above, it
may be surmised that the new genetic interrela-
tions between nuclear genes and genetic factors
of the sterile cytoplasms were established as a
probable consequence of the cytoplasmic muta-
tions induced by the gamma irradiation. The
cytoplasmic factors induced from N factor were
designated tentatively as Si—1, Si—2, Si—3 and S;—a.

The pattern of the frequency distribution of
pollen sterility in F; populations varied remarkably
in most of the cross combinations involving four
mutant Jines and S cytoplasm strain, H-19MS. It
was considered that the presence of some nuclear
gene or genes other than fundamental genes of
pollen fertility restoration and the influence of
environmental factors might alter the degree of
male sterility.

2) Identification of male sterile cytoplasms
among spontaneous and induced origins,
based on the pattern of interaction with
pollen fertility restoring genes

In order to identify the nuclear genes required
for pollen fertility restoration under the four
types of sterile cytoplasm, S, Si—2, Si—3 and Si-4,
test cross experiments were made by using of two
O-type. strains, W 162-6 and TK 81-O.

A test plant used for pollen parent, W 162-6:1
possessed the genotype of Nrfirfirfarfa and was
crossed with complete sterile plants from 7-60
(Si~2) and 7-165 (S;—3). The offsprings of the both
crosses segregated into normal (N), partial fertile
(S.S. a), sterile (5.S.b) and complete sterile (C.S.),
indicating that the pollen parent was heterozygous
for fertility restoring genes other than Rf; and Rf;
which were interacted with S cytoplasm. Segrega-
tion patterns in Fy, Fy; and F; generations of the
cross, 7-60-213:69 (C. S.)x W 162-6: 1, were satisfac-

torily explained by the postulation of an epistatic
relation between the genes, Rfy and Rfs.

In the segregating populations from cross, I'-165-
461:203 (C.S)xW162-6:1, it was assumed that
the gene Rfs which shows the epistasis to 7f7 was
responsible for the pollen restoration. Thus, the
genotype of W 162-6:1 was estimated as homozy-
gous recessive for Rfi, Rfz and Rf7, and heterozy-
gous for Rfy, Rfs and Rf;, respectively, showing
N rfirfi, rfarfe, Rfarfs Rfsrfs, Rfsrfe, vfirfr. The-
refore, three sets of pollen fertility restoring
genes were revealed to have the specific interac-
tion with three kinds of cytoplasm, S, Si-2 and
Si-a.

In the crossing experiment between 7-114-778:1
(C.S.) and TK 81-0:1, it was demonstrated that
the new genes Rf and Rfy were interacted with
Si—4 cytoplasm, but the segregation mode caused
by these additive genes was similar to those in S
cytoplasm.

Pollen restorers which possess the set of fertility
restoring genes for each of S;-z and S;-3 cyto-
plasms in homozygous dominant conditions (Si-2
RfARfRfsRfs and S;—3 RfsRferfirfr) were bred true
in F; lines of the crosses, -60-213:69 (C.S.)X
W162-6:1 and 7-165-461:203 (C.S.)x W 162-6:1,
respectively. One plant having the former geno-
type, No. 185:1 was crossed with complete sterile
plants chosen from the strains 7-60, 7-130 and
SLC133-CMS (S). The all plants in the offspring
(F1) of the cross, 7-60-213-72:8 (C.S.}x No. 185:1
consisted of pollen restored plants (N or S.S.a),
while the monogenic segregation for male fertile
(N and S.S.a) and sterile (S.S.b and C.S.) types
occurred in the IFy of the crosses between C.S.
plants from 7-130 or SLC 133-CMS and No. 185: 1,
This indicates that different kind of nuclear genes
other than Rf; or Rf; are responsible for pollen
fertility restoration under S and Si-3 cytoplasms.
Thus, the relations such as S;—2%S and Si—2%Si—3
were reconfirmed in the crosses involving the new
tester, No. 185:1.

Different relations between the sets of pollen
restoring genes and the cytoplasmic factors were
recognized among S, Si-3 and Si-4, in the pro-
genies of the crossings with the tester plants
chosen from the strain H-2002.

Furthermore, an independent relation was esta-
blished between the gene for pollen fertility res-
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toration and the gene (m) for monogerm character
under S;—3 and S;—4 cytoplasms, while the gene
Rfi interacting with S cytoplasm showed repea-
tedly the linkage relation with the gene m. The-
refore, the genes other than Rfj locus are supposed
to be responsible for pollen fertility restoration

under the induced types of sterile cytoplasm, S;—3

and Si—4 in these crosses.

Reciprocal crossings were made between two
pollen restored plants from the different cytoplasm
strains. A significant difference on the segregation
mode was observed between the reciprocal Fis in
the six kinds of cross combination. These data
also sustained the independent relationship among
the five types of cytoplasm.

On the basis of the above experimental results,
the interrelation among the genes and cytoplasms
are indicated diagrammatically as shown in Fig. 2.
Namely, the hypothesis was proposed that the
specific set of pollen restoring genes corresponds
to the specific cytoplasm both in the spontaneous
and the induced male sterility.

If the maintainer (O-type) and fertility restorer
lines for the induced cytoplasms were selected
based on the inheritance mode of pollen fertility
restoration, they are utilized effectively for breed-
ing works related to the hybrid seed production.

3) Cytological observations on the breakdown

of microspores in cytoplasmic male sterility
induced by gamma irradiation

Meiotic behaviours and the abnormalities of
microsporogenesis with special reference to the
tapetum were investigated in the complete sterile
plants from four kinds of 7-line, and these sterile
plants were compared with those of H-19MS with
S cytoplasm in spontaneous origin.

In the meiosis, there was no chromosomal ab-

normalities showing the association of nine bival-
ents and the regular distribution of chromosomes
irrespective of the source of cytoplasms.

After the liberation of quartets, conspiquous
deformity of tapetal cells occurred in the complete
sterile plants throughout all kinds of 7-line and
H-19MS. The hypertrophy of anther tapetum
were classified into balloon (type-I) and hill (type-
II) types based on the form of the tapetal plasmo-
dium. Generally the two types existed in the
different loculi from a same plant. In addition to
this, a modificated type of the tapetum named as
type-I1I was newly found in several plants from
7-114, The tapetal cells surrounding anther cavity
enlarged slightly without the formation of tapetal
plasmodium in this type. The feature rather rese-
mbled those of the Mendelian male sterility which
had been found in a wild beet, Beta maritima L.
by KINOSHITA et al3%.

The frequency of type I, IT and III loculi differed
significantly among the 7-lines and H-19 MS. The
relative ratio of type 1 was highest in 7-165 while
type Il dominated in 7-130. It is also noted that
type III alone observed in the several plants from
7-114. Tt implies that the different mechanism on
pollen sterility has something to do with the
cytoplasmic types which are responsible for the
expression of complete sterile plants.

The starch reaction in the middle layer and the
endothecium of the anther also correlated with
the type of tapetal abnormality. In the type III,
the starch disappeared before the breakdown of
young pollens indicating a reaction similar to
those of normal plants. Further studies are
needed by using more refined genetic lines under

a controlled environment.



