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New pollen fertility-restoring genes interacting with ‘boro’
type cytoplasm for male sterility of rice plant

— Genetical studies on rice plant, LXXII —
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#

1 & ORI B HEERREEE Oryza sativa DA v
FEIGREOME L FARGEOR L oA R IAD &
LT, Oryza spontanea fifAE & HAFBEOH, »
AT AR SEOMIRE L Oryza glabberima o4
DHEEREC L > THRERINLII0, fepTh A
v N EIf44E TChinsurah Boro II] o RBHIE
((ems-boro) LAHR) B LT3, BUBAMCIEET51E
WREEEEET O RA S RA PR Ih 151219
25, Fhbsbhe d BARBRES 4~ FESE O ER
HOBVEREREEETOFET S LHESR T

E

B EHp L - F COEESFEBLTE R
ERHAD RA X 0RfERNOR TR fakk B 458
ETEaEUREERRILLY, ¥, »r2R#HEA
o Fo fRic 803 2 TER Tt EIE L, 168 fatka ik
BREYRLRARIBZEALIHLPER 5T S
X, O E LT Fs Lk Fs (R E 5 3 TOREBES
Vi Rakia L0 el LuWEhREmEEE T
FHETHZ LR icBiErBET 5,

KBMEELURE

HEERRIEIL Table 1 iR+ 5 R CH B, Kb I-
127 MS & 1-130 33k i LA E R LR & £

Table 1. List of strains used in this experiment
Strain Name Tygsdoéecnyottoylggsm Source
H-103 Progeny from the selected lines of the
cross, H-69X Garumbalay
H-406 Progeny from the selected lines of the
cross, A-5XH-121 (linkage marker bred
true from A-13XPirurutong)
1-127 MS  Taichung 65 (male sterile (cms-boro) vy rA (Chinsurah Boro IIXTaichung 65)X Tai-
line) chung 65 B;; F;
1-128 Taichung 65 (maintainer) (N) rf A
1-130 Taichung 65 (pollen fer- ({(cms-boro) Rfi Rfi (Chinsurah Boro IIXTaichung 65)X Tai-

tility restorer)

chung 65 By F3

1) e aF BT EFEEER

89



90 R RFEEFRMCERE F128 F2F

OEB LB EBRE T (RA) 2EFTHRHETHD,
TERTRrE DA B 7 » CBE R BITERT H EER L,
B THEBREFLSIERER Y LT, 1K BE (L2
03g, Kl;: 1.0g, HyO: 100 mé) T4 Uiz,

TE 43 B3 t13 300~500 R op BRI DT, KX & L3
BRENSRLTRISV, BB/ STERRIE
OEDRTERE LI

Fy DI 0S8 SRR L 1975 4 & HBgA U7eds, #HAR
DEFEEHF L TE &, 19781 Fi~Fs xR
B - AL, A—oBRERET &R oTER i I
B L,

EBRER

1) EpRHRESETokN ik

1977 985 1979 400 3 4R B H % FHEARH O TEH
fatk® Table 2 iR Lz, 1-127 MS (34ERIC L - i
ET OB HET D2 2035 » 1208, BREc R
BTH ot tkic, 1-127MS & £ Rlie < Ui
3HD Fy oftath 2 e+ 5 &, 1EmMmEsE S
(3 [-130>H-406>H-103 D[l & /1 » 7= (Table 3), *
fo, 28 HE 1-127 MSXI-130 > Fy T3 (cms-boro) Rf
rh s ZBETFREALOT, BB BEIERBCIT
50% DETH B, 1918 E I RIE L MR B T
50% WA VEREY R L, Z & T, 1-130 ((cms-boro)
RARA) oFT% Rf & H-103, H-406 04+ 5168
FetEEIEBEET SRR 55 & o & T u, [-130 x
H-103 % %\ i3 1-130 x H-406 023 F1 T, (cms-
boro) MM E A L 7f 435 HMEET % 4 Uk
DTI0Z i TERRELRTcELETHS, L

Table 2. Pollen fertility of parental strains
Pollen fertility (%)
Starin
1977 1978 1979
H-103 82.58 97.88 83.74
H-406 70.79 97.55 86.65
1-127 MS — 0.60 0.34
1-128 90.97 97.93 87.75
I-130 89.02 99.99 91.25

L, SEPEici3 Table 3 i< 58.7% /13 67.7% &
EF St BT H-103, H-406 vyt Rfi &kt sz B
FEE IR LWEETFOS TR ATENREL SR
foo WERIZ, Rft &nr oG H HTER R EE
W{EF A H-103 & H-406 & ¥ T 5B &AL,
BT RA W X BMEEE AL J) & H-103, H-406 1=
& ARERBESE I AHIE LT B o & ThuE
1-130 x H-103 Fy % [-130 x H-406 F; iz 3513 % TE ¥ 55
thiz, Rfy BT X A8 8 fadk (1-127 MS x 1-130 Fy)
. H-103 &5 5\ i3 H-406 o7k ¥y &t (1-127 MS x H-
103 Fy, 1-127 MS x H-406 Fy) 0B 23 MBI hE 2 &
wieh, RFBRTML, P SuwTlsrthhi
PSR EMER X < —BT 5,

T, (I-130 x H-103) (58.68)=F, (I-127 MS x I-130}

T (I-130 x H-406) (67.70)=F, (I-127 MS X I-130)

4 F, (1-127 l\/éSXH—LlOG) =47344 372.87 —66.98

Table 3. Pollen fertility of F; plants of the crosses between 1-127 MS and
the tester strains and between 1-130 and tester strains
Pollen fertility (%)
Cross
1977 1978 1979
1-127 MS x H-103 0.53+1.77 36.60+ 9.49 23.067.77
1-127 MS x H-406 9.064-9.02 43.434-11.00 37.87+7.58
I-127 MS x 1-130 56,10+ 5,49 47.34+4.70
I-130x H-103 58.68+-7.39
I-130 x H~406 67.701-2.07

2) BEFREL F. 3
1978 4% i 1-127 MS x H-103 s X 0¢ [-127 MS x H-~

406 O Fp i BT 278t OB R4 # -~/ (Table 4),

1-127 MS x I-130 F; (25 Bl T 5RETFE 22b RA
CHSGBEREL LR, RBIRE=1: 1 0L
Shich’, fetkA) 81~100%): #irfe (30~80%)=141:
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WOHARTF -HH: ‘boro” MWARRMEE OB LW IERREEERET
Table 4. Pollen fertility in F, populations of the crosses, I-127 MSx

H-103, 1-127 MS X H-406 and I-127 MS X 1-130

Pollen fertility (%)

Cross Total Mean+S.D.

—10 —20 —30 —40 —50 —60 —70 —80 —90 —100
1-127 MS X H-103 8 6 14 36 72 32 7 6 16 120 317 65.27 +28.69
1-127 MS X H-406 5 26 46 34 27 21 178 344 80.15+21.52
1-127 MS x1-130 56 52 9 1 1 140 263 76.73+24.81

122 (12=1.37, d.f.=1, 0.10<P<0.25) /e 245 BE L /e b,
Wt 2vie b OBERIFA D - 1o b D0, IFER
& —F i, Lvl, fho 2 z35iic ki 21ER M

BROERECE I EHLER YR L, 3 M cos

RO A —PFE S ke (Homogeneity 72=185.68,

d.f.=18, P<0.0005), 3 %D 3cH % L TSR R E A

R IR o fen T, H-103 & H-406 o+ 58%

WEEEE T RA BB ECrEE T3 & #

FEEhi, B THR~mL, Mt cliEEc

BT HARBELEROPEPRKE N LEEBECAR, D

F1 OIEB R 50% LT TH - 12 LB B o1bh

BHEEREEIERHLTWD EHEL, Pl &b Fy

B F ki3 5 TEM LR L H M €% 58ETK

EERERE L. Hb, RUEBEHREEF OFHE AN

Th Db, Fi ofER Rk & RS T OBETF

M X hEEI RISV, &2 T -127 MSx H-

103 & 1-127 MS x H-406 @ 4 Fy O1EETE 1 36.60%

L BRY 0B HIch, UTOI208505F20

ha,

1) BEMBANERYAETHREEOHEERETIC LA

LGHET A BAHD ab OBETHLA T HEHE

FRAET D),

FiiE¥ fa itk v 3 4L C (3/40=0.4219 % Ji2 44l T

(3/44=0.3164 & /¢ %,

BBAMAER A HET5 2 BETOMRBIEHC L 2%

& GBET A BolE 2BoBMEET O MR 1F

B X v IEFTEH &7 D)

(a) A.B.C»B%5 L, AB, AC OUEFR & HT
HUEMRBETAIEH LR & 5854, F1L ot
BFattiy 3/8=0375 L7 %,

by A.B.C.D»Bi5 L, AB, AC, AD O@{E¥
e %+ 5 HHEBT BIEREER & s 84,
Fy ofepifattd 7/16=0.4375 L 5,

(¢} A. B.C.D» @51, AB, CD iz ETH

OHEMEURT OLBIERCH L i p8a, Fio
eI 7/16=04375 L o %,

(1) DR Eix S 2P HMER oM B L CIRR LB R
BETREEETOMTH LY, RBEIERLETS
BHBET 619 Rkl rEAs P olihRke
(B/4% TEbEhB, ChERNBARE & REEEEE
FroMERBCERATS & 1-127MS x H-103 4
T 48 (8 BETF) A3, 1-127 MS x H-406 o4
CALIZIE 3 (6 EET) OBHEEGTHIEELTW3
LEZHNB, LhL, ZORFL L » CUIHHEED
TEBBRME A RTEGOBENFL, Ko F ekt s
SREED AT DRI AR ATEE Th - 1o '

(2-b) DR I FU T 1-127 MS x H-406 F; 034,
Fr ofthiec @ a1 525 ZoRFLEBCE
hHREOTE M 2 m T EROBERE <, Fa O
B ofie# BT sciato Tl ot €-T, [-127
MS x H-103 By 5cix (2-a) DREEI X b, 1-127 MS
x H-406 oaici (2-¢) ORBIC X » F L% ED
CREOZ UM EEE Lic, B, 22 CH-103 Lo
HETIT Rfa Rfp Rfe 1 BB IE FEHERELY, RfaRfp
B\ Rfa Rfe 0BETREHT 2 REBTLRIEER
VR ETHE, T H-406 DB it Ry Rfv Rfer
Rfv: o 4 EEFREEL, Rfa Rfer HDHVIL Ry
Ry OfRIEAOT Ci{En1Bohsb0s L
(Table 5), KEMBT-RERET? OBACKEEELH
<, BETHOMEC X h oL s -
EREE LT, F2 OBESMbZHEEN () ko
1-127 MS x H-103 3 s=0.774, 1-127 MS x H-406 =
1 s=24529 2@ Uiz, Wb EREET AT
15 BECECZRERNEETH LD E L Fr BN
ERECRS C ERBHTEL, 20X 5 HED T
[-127 MS x H-103 F, & 1-127 MS x H-406 F, ic. s 1}
5 & MEOBETE A T 5HRNTEHRE LD O Fh
b OBBMBPAE LB Lic (Table 6), 3 L, BREAR

* g RFCMLE @ b, ¢ WOW @, b, o, d T ERBD L ERT 500 ORE Th 5,
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Table 5. Genic hypothesis of pollen fertility restoration; genotype of fertile pollen,
theoretical pollen fertility and relative fertilizing capacity in Iy s
Cross Genotype of Theoretical pollen  Relative fertilizing

fertile pollen

fertility in F, capacity (s)

1-127 MS x H-103
Rfa Rfs Rf;
Rfa Rfs 1
Rfarfo Rfe

1-127 MS x H-406

Rfar Rfyr Rfer Rfyr
Rfar Rfy Rfor rfur
Rfar Rfgr rfer Rfgr

Rfal be/ 7‘fcr rf,i/

Rfar rfor Rfer Rfar
rfar Rfy Rfer Rfuar

rfar rfor RferR fur

1

(1+p) X 100/4 =36.60 0.774
p=0.464* 0.774
24.529

1

, 1

7x100/16=43.75 1

1

1

1

*

Table 6.

Recombination value between Rfy and Rfe.

Theoretical frequencies of different genotypes on pollen fertility restora-

tion in Fys of the crosses, [-127 MSX H-103 and I-127 MS x H-406

1-127 MS X H-103

127 MS X H-406

Theoretical Genotype Frequency Theoretical Genotype Frequency
pollen ) pollen ‘
fertility (%) Rfa Rfs Rfe p=0464 s=0.774 fertility (%) Rfar Rfor Rfer Rfar §=24.529
AN +4+ A+ x Kk
® 100 ++(TE rE) iCmrze ome @ o0 (TE AT rr ovE) 2447s oo
2 768 ++ +— +-— 2sp? 0.0669 @ 75 <i; ij(ijr iJ_r) 84ds 02172
@ 732 ++ +— +- (1—pp 0.0573
<+— ++> P
++<+— ——> +4+ +—
—— =) 1 peyas (3) 625 16+4s 0.2336
) 50 Poia™P 03758 T e
et -
Ll (I3 106710
5) 384 +— +— +— 2sp? 0.0669 +4+ =k ——
© toohe sP @ 50 28 0.0573
6) 366 +— +-— +-— (1—p)2 0.0573 (—— * *><++ +—>
o * ok ——N\+— ++
7 25 +—<__ +_> 2sp(l—p) 00764 (5) 4375 +— 4+~ +— +—  6+s 0.0625
: . IR <——— * *>
* Dominant or reccssive gene. © 2 ok —— 14 0.0287
+ Dominant gene. * %

— Recessive gene.

W L DTEBRTRMENIE 8 & g R+ & e Thi, SORAL
and ROHLFY o it Fo e BT ATEM R ttoR
W SEE 5 (Table 7) 2RkDB ENTE S, {6
TetEaE b - Ko 3 B o EE U CBRERE & RO
BEEARE L& o5, 1-127 MSxH-103 F, i3

(% +-
AEEAME < ERHELERE X v ERE TR - d D0,
1-127 MS x H-406 i 36t CHLIZ T A 3 5 55 BB s
iz, BEEROFEOI DL T LAME LR L
b okd 00, BEFRHEOZUMIIFESIh
EWVao T XNy,
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Table 7.

Theoretical distributions of pollen fertility in Fy and the

comparison with the observed numbers

1-127 MS X H-103

Theoretical

Pollen fertility (%)

pollen

fertility (%) —10 —20 -—30 — 40 —50 —60 —70 —80 —90 ~100 Total
(1) 100 0.41 5.01 8949 9491
2 768 0.01 0.22 2.05 6.73 8.07 413 21.21
3 732 0.03 0.47 3.04 6.91 5.76 1.95 18.16
(4) 50 0.51 6.29 2871 4810 2871 6.29 0.51 119.12
(5) 384 0.14 1.54 5.94 8.45 428 0.80 0.06 21.21
6) 366 0.01 0.20 1.81 5.84 6.92 2.92 0.45 0.03 18.18
(7y 25 0.42 3.14 8.55 8.55 3.14 0.40 0.02 24,22
Total 0.43 348 1241 2662 4726 56.39 3507 2043 1935 9557 31701
Calculated 16,32 130.27 170.42
numbers
7 6 1
Observed SL 6 lfi 36 72 32 _ 16 20 317
numbers 28 140 149
12=11.77, d. {.=2, 0.001 <P <0.01.
1-127 MS X H-406
Theoretical Pollen fertility (%)
pollen
fertility (%) -10 —-20 —-30 —40 -5 —60 —-70 —80 —-90 —100 Total
1) 100 0.10 1.50 1038 12586 137.84
@ 75 0.01 0.23 2.33 1098 23.80 23.80 1355 74.70
38y 625 0.02 047 399 1546 2754 2265 8.59 1.62 80.34
4 50 0.01 0.21 1.48 472 6.84 4.72 1.48 0.21 0.01 19.68
By 4375 0.10 0.86 3.60 7.14 6.50 2.73 0.53 0.05 2151
6) 25 0.34 145 3.15 3.15 1.45 0.31 0.03 9.88
Total 0.34 1.56 4.24 871 17.53 3144 46.10 49.96 43.03 141.04 343.95
Calculated 14.85 95.07 234.03
numbers
5 7 26 46 34 27 21 178 344
Observed —_ —_— [
numbers 12 106 226

12=213, d. f.=2, 0.25<P <0.50.

3) P LIRCHITEERABRE

1975 5512 Fy i dsi) % 6 Fo o 18 i3 U, 1978 41
o Fs A28 B L IRt 0 R4~ 1z (Table 8,
9, FeMEEEEET PRGBENER 2T, F to
Efebh A A R R E T B U Ok et Lic@i4R
BEEZBRD, #5T, b LIEMBEREEET O
WEDPIEThE, T TRBSEBREREOLRM
RLTbrw&EBLXORE, T, BYIIE, T

MBS T 5 RE T EUBARNIER LR T 554, £F
O F TR OREE £ e BHcMEk L, Hlz LT,
TP L XxoPTHS Fo B L v EHie S
{tleB EBZ T, Lo Lighih,1-127 MSx H-103
BIOT-127 MS x H-406 > Fy & F3 0@IT # B #
Fhh r=—00348, r=—0.0423 THE LA ERD S
Rhighr ot ZhUL, TERRESEESFC X v REL
RIS EHESIhD, /oT, Fo @&E2R0
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Table 8. Variation of pollen fertility in F3 lines of the cross, I-127 MS X H~103
Pollen Pollen fertility (%)
Line fertility (%) Total Mean C,V.*
in F, —~10 —20 —30 —40 —50 —60 —70 —-80 —90 —100
7 90 1 2 2 1 3 1 9 19 78.95 29.97
9 90 19 19 98.03 3.58
13 90 1 2 4 2 11 20 77.90 31.78
1 80 1 19 20 98.34 2.94
2 80 20 20 99.58 0.85
3 80 1 7 2 9 19 76.31 30.69
4 80 5 5 9 19 73.92 34.26
5 80 19 19 98.66 2.28
6 80 1 17 18 97.52 7.14
10 80 1 1 1 1 15 19 89.81 25.03
11 80 20 20 99.89 0.38
14 80 1 19 20 98.69 3.38
15 80 4 4 2 1 8 19 74.66 30.74
16 80 3 4 4 2 7 20 73.32 28.46
18 80 1 16 17 98.94 2.89
19 80 19 19 99.73 0.81
20 80 19 19 98.46 2.34
8 70 19 19 98.18 2.37
17 70 3 7 4 3 17 55.17 38.22
12 60 19 19 99.08 2.29

* Coefficient of variation.

Table 9. Variation of pollen fertility in F3 lines of the cross, I-127 MS x H-406
Pollen Pollen fertility (%)
Line Afertility (%) Total Mean C.V.*
in F» —10 —20 —30 —40 —50 —60 —70 —80 —90 —100
2 90 1 3 14 18 94.62 6.25
4 90 1 1 6 12 20 89.23 14.35
7 90 1 1 2 2 3 2 2 2 17 51.22 54.19
9 90 1 2 3 3 4 13 77.69 29.68
12 90 1 5 9 15 91.88 6.73
13 90 1 1 1 2 6 5 16 81.08 20.08
14 90 5 2 3 1 1 3 3 2 20 45.65 74.28
16 90 1 16 17 93.41 3.31
17 90 2 1 3 2 3 2 1 1 2 17 46.07 62.87
19 90 1 4 1 1 3 2 8 20 74,13 29.05
8 80 1 6 2 3 1 3 4 20 65.43 34.14
11 80 1 2 1 7 11 80.84 27.61
15 80 1 1 1 3 4 3 7 20 76.50 2410
18 80 1 1 2 1 3 3 5 16 75.84 25.44
20 80 4 2 1 12 19 75.37 36.07
1 70 1 4 15 20 93.09 7.46
3 70 1 4 2 3 10 20 83.17 16.51
5 70 1 2 2 2 2 1 10 66.73 35.92
6 70 1 4 2 2 3 2 5 20 68.29 34.56
10 70 1 3 3 1 2 2 3 15 67.61 30.20

*

Coefficient of{variation.



Table 10. Theoretical frequency distributions of pollen fertility in Fs generation of the cross, I-127 MS X H-103

Genotype

Pollen fertility (%)

Rfa Rfs Rf: Frequency —10 —20 —30 —40 —50 —60 —70 —80 —90 —100
W (T o 04185 00043 00528  0.9429
NEEE —0.3783%* —2.3665 —1.2774 —0.0255
@) 4 e - 0.0935 0.0006 0.0078 0.0356 0.0635 0.0677 0.1002 0.1264 0.5982
—1.0292 —32219 —21079 —1448 —1.1972 —1.1694 —09991 —0.8983 —0.2232
&) b f— 0.0799 0.0007 0.0082 0.0378 0.0669 0.0675 0.0919 0.1160 0.6109
—1.0975 —31549 —20862 —1.4225 —11746 —11707 —1.0367 -—0.9355 —0.2140
_'_ —_— e —
@ ++ <— - + —> 0.3686 0.0022 0.0264 0.1205 0.2019 0.1205 0.0286 0.0286 0.4715
+ 4+ oxox —0.4334 —26576 —15784 —09190 —0.6949 —09190 —15436 —1.5436 —0.3265
Tl e 4
(5) — 4— +— 0.0227 0.0113 0.0107 0.0383 0.0835 0.1495 0.1776 0.1093 0.0644 0.0632 0.3021
—1.6440 —28861 —1.9706 —04168 —1.0783 -0.8254 —0.7506 —0.9614 —1.1911 —1.1993 —0.5198
®) e — 4— 0.0150 0.0013 0.0109 0.0392 0.0839 0.1491 0.1779 0.1107 0.0644 0.0610 0.3015
—1.8239 —2.8861 —19626 —14067 —1.0762 —0.8265 —0.7498 ~09559 —11911 —12147 —0.5207
) 4 <+ - — —> 0.0019 0.0044 0.0324 0.0905 0.1147 0.1529 0.2061 0.1207 0.0275 0.0154 0.2357
—— 4+ - —2.7212 —23566 —14895 —1.0434 —09404 —0.8156 —0.6859 —0.9183 —15607 —1.8125 —0.6276
* Dominant or recessive gene. x% Common logarithm. + Dominant gene. — Recessive gene.
Table 11. Theoretical frequency distributions of pollen fertility in Fs generation of the cross, 1-127 MS X H-406
Genotype . o ~ Pollen fertility (%)
Rfar Rfor Rfer Rfw requency —10 —20 —30 —40 —50 —60 —70 —80 —90 —100
) ++ 4+ oxoE oxox ) 0.4424 7 0.0007 0.0109 0.0753 0.9131
I T B S S ol o —0.3542%* —31549 —1.9626 —1.1232 —0.0395
@) <+ - + +><+ - + -I-> 0.2390 0.0002 0.0012 0.0047 0.0134 0.0412 0.0839 0.1352 0.7155
++ +—/\++ +— —0.6216 —36990 —29208 —2.3279 —1.8729 —1.3851 -1.0511 ~—0.8690 —0.4154
< e Y o
++ +-— 0.2435 0.0001 0.0005 0.0016 0.0044 0.0155 0.0432 0.0864 0.1207 0.1354 0.5920
3)
4 <+ + - —> —0.6135 —4.0000 —3.3010 —27959 —23566 —1.8097 —1.3645 —1.0635 —0.9183 —0.8684 —0.2277
+— ++
(T3 100 20)
44 L ik ok —— 0.0426 0.0004 0.0055 0.0377 0.1198 0.1736 0.1202 0.0432 0.0432 0.4570
@
<— — %o ><+ + + —> —1.3706 —33979 —-22596 —14237 —09215 —0.7605 —0.9201 —1.3645 —1.3645 —0.3401
® ok ——\+— ++
) - +— +— - 0.0315 0.0010 0.0045 0.0123 0.0253 0.0509 0.0915 0.1340 0.1453 0.1251 0.4100
—1.5017 —3.0000 -—2.3468 —19101 —15969 —1.2933 —1.0386 —0.8729 —0.8377 —0.9027 —0.3872
— — %k X
® t <* * — —> 0.0011 0.0086 0.0372 0.0852 0.1174 0.1566 0.1814 0.1208 0.0404 0.0243 0.2287
) <— — % % > 44— —2.9586 —2.0655 —1.4295 —1.0696 —0.9303 —0.8052 —0.7414 —09179 —1.3936 —1.6144 —0.6407
* Kk —

*®

Dominant or recessive gene. .

Aok

Common logarithm.

+ Dominant gene.

Recessive gene.

-4 TR A g

LB E Y HU NV ECH BN L o009,

S6
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75 B BETR R T 5 % Fy R HOIER RS
DORETHZ LB T LEEMTIT, £ T, %
T F A THRE LB T RER S &, Table 6 it}
ZAMOBETRLH T 286 Fs R IEp i w2
W] Fe B BE R R T A R 7 (Table 10, 11), 7
D BEMETRERET B CCEE L &Rk,

Fs REOTEGFRRMBED M 25 Fo BE0FH T 58ET
RoOMmRLBEH Uiz (Table 12, 13), #%¥, Table 8
OFRHFES T BETFE @) (Rfa Rfa Rfs rfs vife 1ife,

Rfo Rfarfo rfs Rfe vfe, Rfarfa Rfs Rfper, Rfatfa
«Rfe Rfe) s (5), 6) (Rfarifa Rfv 1:fo Rfc vfo) AT
LFERHIE D BEDr o 120 7038, 1-127 MS x H-103 %5 X O
1-127 MS x H-406 @ F, # A BT 2 £ BOM B
F RO A H st & & Table 7 s\ TlEk Ttk

Table 12.

50% Bl B&R Lic i fE FBog g X okl 1-127
MS x H-103 F3 o#&wcid Table 12 o< (1) oz
FH, MibdEfatt e R TEETF R LA T 5 MR IAHE
IOHEr b0, BIEEETHERTIVERE
Teo fro —F, [-127 MS x H-406 Fy -1, Table 13
o< 1), @), 8) oMETR A T HHEIMEL, e
Fp CERaM: 5ok Uil (B F B A4 T 2 BE R < Mk
fECHE Uik o te, ThHDOREE LTI, RHEKD
BARMOBEHERIC LB L3 EL bR, Sk
BEH R BT B LER D D,

wie, Fadinb Fy i, Fybol Fs RADHEBE &R A
#o& = 2 (Table 14), 1-127 MS x H-103 T3 Fy {4 T,
I-127 MS x H-406 i3 Fs fRic 33135 1L vk &+
NTEREEE L, SBRRERE ol b oD

Probability of the genotypes in the Fy lines of the

cross, 1-127 MS X H-103

. Genotype*
Line
@ 2 (3) @ () (6) 7
7 0.17 0.18 0.38 0.16 0.11
9 1.00
13 1.00
1 1.00
2 1.00
3 1.00
4 1.00
5 1.00
6 1.00
10 0.62 0.38
11 1.00
14 1.00
15 0.99
16 0.98 0.01 0.01
18 1.00
19 1.00
20 1.00
8 1.00
17 0.28 0.38 025 0.08
12 1.00
(pr(;%‘;ﬁlh ty) 12.00 0.17 0.18 5.63 1.17 0.75 0.08  (19.98)
Ther‘;rtféical 8.37 1.87 1.60 7.37 0.45 0.30 0.04  (20.00)

12=6.62, d.f.=6, 0.25<P<0.50.

* Estimated in F; plants based on the genic hypothesis.
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Table 13. Probability of the genotypes in the Fj lines of the
cross, 1-127 MS x H-406
. Genotype*
Line
1) @ @) ) (6) (6)
2 0.92 0.08
4 1.00
7 1.00
9 0.53 0.47
12 0.30 0.70
13 0.83 0.17
14 1.00
16 1.00
17 1.00
19 0.02 0.43 0.55
8 0.82 0.16 0.02
11 0.16 0.80 0.04
15 0.29 0.71
18 0.21 0.02 0.77
20 1.00
1.00
0.96 004
5 0.08 0.91
6 0.30 0.69 0.01
10 0.70 0.30 0.01
Total 3.22 0 486 407 181 304 (20.00)
(probability)
Theoretical 8.85 478 4.87 0.85 0.63 002 (20.00)
ratio
72=50431, d.f.=5, P<0.005.

*

Estimated in Fy plants based on the genic hypothesis.

TZE MR CEE O AR E LR D Lo, BEEET
Koo EEhERcEET s &8 2 5
hs,

Ll EofEREse, H-103 & H-406 (2 EUBARIER 2

Table 14. Selection experiments up to Fy or Fs
generations for high pollen fertility

Number of lines

Genera-
Cross ! . .
tion Fixed in
high fertility Segregated

-127MSx  Fu 5 0

H-103 Fs
I-127MSx s 5 4

H-406 Fs 7 1

iR b % 3 HE 4 BolEeEEEE T
HEAELTWS EHEELE .

4) TERRERREEFSESHRIETEOMBER

TEB otk & BRI HE & OIRIBHHBIBIGRE 28 Fy
ER HOBRES LA (Table 15), #E3 B gkt
EFr, AQEEET 75— — UL 8, nl FEEsE
FEIXW), gl (BEH XILE), PESE6R: I
), -Bf Gfthmeald: VIH o058 T, F, Tk
FTRC3:1 OBEE T 45 8%E U, 1-127 MS x H-406
EWTL AA+Aa oFER & aa OEFORTH BO
KEXZLHFEBENEDLRLL DD, FROBEFD
WTEER & SR OB CTER R O TS FEEY
AT, L AREREFHEBBEAIRE S hind - 1,
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Table 15. Genetic relationships between pollen fertility restoring genes
and marker genes in Fz of the crosses, I-127 MS X H-103 and
1-127 MS X H-406 :
Pollen fertility (%)
Cross Marker Total Mean=S.D. t-value
gene 10 —20 —30 —40 —50 —60 —70 —80 —90 —100
A6 4 9 20 5 17 5 2 14 8 219 6607x2TT (g,
AY 2 2 5 16 15 15 2 4 2 35 98  63.48+2859 :
1-127 MS X + 7 5 13 28 56 24 4 4 15 87 243 64.15+£28.90 1.26
H-103 nl 1 1 1 8 16 8 3 2 1 33 74 68.95+27.89 '
+ 6 5 9 23 57 24 6 5 10 91 236 65.72+28.53 048
gl 2 1 5 13 15 8 1 1 6 29 81 63.94129.32 ’
A 2 3 18 36 28 18 18 137 260 81.27+20.59 «
At 3 4 8 10 5 9 4 4 84  76.68-:23.99
I-127 MS X Plw 1 2 12 30 18 12 12 104 191 81.67+£20.44 053
H-406 + 1 1 6 6 10 6 6 33 69 80.14+21.09 .
I—-Bf 5 6 20 37 28 19 16 135 266 79.36+21.95 195
I—Bf+ 1 6 9 6 7 6 43 78 82.83+19.89 ’
*  Significant at 5% level in F-test.
1-127 MS x H-103
A AT=3:1, 12=591, 0.01<P<0.025.
+: ni=3:1, 22=0.46, 0.25<P<0.50.
+: gl=3:1, #2=005, 0.75<P<0.90.
1-127 MS x H-406
A: AT=3:1, x2=0.06, 0.75<P<0.90.
Plw: +4=3:1, 22=033, 050<P<0.75.
I-Bf: +=3:1, 12=099, 0.25<P<0.50.
- Rf ORECTIE S 1Ica 1% RE OMERET? S
B E

A v B [Chinsurah Boro 1] Hisgoo R 5 M
HE (ems-boro) Wk BRUEFBET L LT RAKRID
Rfp PR T 519, —7, Stk B & T (weak
restorer) %3, HAKRIC 1% 19 % #(12.7%), SHEM 28
ol (18.3%) FR4E L7100, RERHEA Ui H-103,
H-406 13\ 3R b AHERE X 0 B B & A LIcRE R
BT, BREEEEET 2R EAMB RT3,
AFBEIC BT, [-127 MS x H-103 Fy CEABARIE
FD Rfa Rfs Rfe B84 L, Rfa Rfs, Rfa Rfe DRIE
FHER T HERBET AR EhietEl & i a8, 7,
1-127 MS x H-406 T3 Rfa Rfs Rfer Rfa 938851,
Rfar Rfv, Rfe Rfe 7 5 BETFREE T HEBETFI R
MIERY & 70D SRE Uiz, [-127 MS x H-103 #5812
Fi~F; ¥ CLRROBEERSYIIEHR L, 1-127MSx
H~406 Ti2is k&0 Fs Zfix AV THRBEEZ< D
ETRERDB DD, 1 ARRMCIERT2EED

L EAERRECE Th b oh, BBTREE
BT oM< AR LSRRI TEEL T b D
FE5DEZARBETH B, H-103 ¥ L o8 H-406 73
P ARMBRETO—EH 5\ E TN TRER LTS
Liei b, O XS HRIEREHE T B IERRERE R
FEF D 7z X 5 BEBATRERET &6 rolErs
THWHEMNE 2 bh b, Tk, HERREOBGEEE
ORI E LR REDEE T OREERANE ThT
35 b JENNINGS® D7 - 7o HHIS 181 253t 0 5 &, MR A8
M BT etk OEFTE e fe, HEIZ R AR &
DD F CHRIREY S T 5 Ttk o 541124619
BbbH, Tk, TTE—H L CEITRLER RO
BhEDRBE L e 5 5 05, ARSI R IER LA T
LM EEEET 0T, HERRE 33 5ED o
BEETFRERETO®BRE ST HH»E V0T, M
BBHEE N R & BT R OBEBHR L bbb TB 2
T B E b 7B THS 5,
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4 BRE-KEFSH: GoMaEXe TR

] =

1) [Chinsurah Boro 11} B 3k OZANSHBE TN L
TIEBFaPEEER & R+ H-103 35 X 08 H-406 2 fIvTha
YR EE T BT 2 BET P57 - 7.

2) H-103 13 Rfy Rfy Rfe, H-406 i3 Rfo' Rfyr Rfer
Rfw e B EHE O TeEEE &R TEB L, TofEM
LT SN TERBAEN Th -7, Fig, 1-130xH-103 F,
¥ & 0 [-130 x H-406 F; TEfa: 2~/ & = A, H-
103 Fo X Of H-406 o 1 A% BHERE T RA &
SLEBRO IV B E LB OFEETF TH-T, Th
& OIERAMED I T 5 & UTEHHE LERDIERT
M & BIEEE L T LT,

3) 1-127MS x H-103 © F; ¢t Rfa Rfy, Rfa Rfe
72 B AETROHEEBT R RET L, T 1-
127 MS x H-406 F; T Rfy Rfpr, Rfer Rfar 7e 538
EFRETLEEBTHRAERCc5, i, Thb
DFRE N HENE S LIRE L TEM L F, OBRE
LB E L2 1-127 MS x H-103 F, Gl & B AR s
Mo fodd, 1-127MS x H-406 F, i3 B < #& Uiz,

4) F, oEfRitMar 3 L < Fs /i s0 5158
RO ERYFANI, HRETEHEET D I Elko F;
RToEmREOBERSiERD, F RHEOBEMELE
DR b ER GO K BETH YR T AHRLEH L
foo F LT, Fp CIEWMTRHES0% LI LB T h 548 E
FRIOHEHEE B Lz s 2 5, 1127 MSxH-103 T
GEISEC B S EE Lich oo, [-127 MS x H-406 o
BE i ERE Y RTEE TR ORI R MBS
AT LLEE Lot i, [F127MSxH-103 iz
Wit Fy 8T, 1-127 MS x H-406 Ci Fs fRicZE b
e IEEH B BIRE L,

5) 1EHRBEEEEET & 5 BMOBNNERLERT &
DRV B 5 7 EBIBA R R S s o 7
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Summary

It is known that the alloplasmic male sterility
possessing the cytoplasm introduced from the
Indica variety ‘Chinsurah Boro I’ can be utilized
for the breeding work of hybrid rice when it is
connected with effective pollen fertility restoring
genes such as Rf; and Rf,. In the previous report,
the authors found two strains which possess the
new gene or genes for pollen fertility restoration
of the boro-cytoplasm among the tester strains.
Accordingly, the authors studied the mode of
inheritance on the pollen restoration using the
two strains as well as the tester I-130 possessing
the gene, Rf].
rized as follows:

The results obtained are summa-

(1) The genic identification was carried out
using the crossings between I-127 MS (Taichung
65 go) and the three pollen fertility restorers, H-
103, F-406 and I-130 (Rf). Independent and addi-
tive relations were found in the effects of the
genes for pollen restoration derived from the
said three strains.

(2) To interpret the mode of inheritance on the
pollen fertility restoration in F, and F; genera-
tions, the following genic hypothesis was prepared.
The gametophytic effect of the different set of
pollen fertility restoring genes, such as Rfa, Rfs,
Rf; from H-103 and Rfas, Rfy, Rfer, Rfgr, from
H-406 were postulated for the pollen restoration.
The complementary effect of specific genes such
as Rf, and Rfy, Rfy and Rf, was responsible for
the development of sound pollens among the
genotypes of male gametes in the F; plants of the
crossing between I-127 MS and H-103. Two sets
of combination, Rfar and Rfp, Rfe: and Rfyr were
also effective for the functional pollens in the F;
of the cross, I-127 MSXH-406. In addition, the

difference of the competitive ability of pollens in

the fertilization were assumed for the genotypes
of pollen grains. Based on the genic postulations,
theoretical distributions of pollen fertilities in Fy
populations were calculated as shown in Table 7.
Although continuous variations were observed
both in the crosses, 1-127 MSxH-103 and I-127
MS X H-406, the variations were grouped in the
three grades of pollen fertility (high, middle and
low). In F; of the cross, I-127 MS x H-406, the
theoretical frequencies fitted satisfactory with the
observed one. In contrast to this, the observed
frequencies in Fy of the cross, 1-127 MS X H-103,
showed an inclination to higher fertilities. It is
probable that the environmental factors also affect
the pollen fertility to a considerable extent.

(3) In the most of F; pedigrees selected from
the high fertility group in F, populations, con-
tinuous variations of the pollen fertilities were
repeated as well as in those of F; populations.
The given supposition of the plural genes on
pollen fertility restoration supported the segrega-
tion of the pollen fertilities in the F3 lines. On
the basis of the presence of three or four kinds
of pollen fertility restoring genes, the probability
of the various genotypes of pollens within F3
groups were calculated as shown in Table 12 and
13. In comparison with the expected values cal-
culated from the frequencies of pollen fertility in
F3 lines, a close fitness was obtained in the I-127
MS X H-103 F; lines. Through the results up to
F3 generations, it is plausible that the plural genes
for pollen fertility restoration may insert the
interaction with the boro-cytoplasm from Indica
varieties in the crossings with so-called weak res-
torers (SHINJO 1972),

(4) No positive correlation was found between
the pollen fertility restoring genes and the five
linkage markers.



