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8, Uh L, S it OBFLT U RERE A EL R
X HLOTIEIL, PREc L vEx0RppHEEY
B ENFORNE A LR E IR T 5085638,
Bz E, YW QRO E LA o R R R,
AHRME FL ek UET B AREOHLMC X o C
A4 v P E QAR ORICHE « ORI OFERED IS
DO, KEHCEAAT L A v PO ST 5 &
5 BB L REERIIZ 25 8 hp & ERIER LTz,

HAR L A v VR, B fcedoBEhER
D, fo bz, Zhbofic ‘Cryptic 7rikd
BEERD s LTh, Thi#ET &RkcTEh+
BETHBS, 6T, A FOAKRBME A v FHDSE
TEETHHCREOROSLREDRBDOT, BE
B4 v PRI ST 28ET VA TORRIERE
BEYEHTHZ LTS,

HERMeNET 5 8ET VL OEBC O TUILT
ChFBH2E5nELbRS,

1) AFHRREESIE B 2 BIRF o4

2) EBERONEAERERS & B L o\ B R T oab
Lo, AHBRHC X AT 5 MR
Lh Ty, o0 B ricBL CEHEERT
H5VCIEHEEBETAHB cEhThgiboirbins
TEEBEMNIT L, i, HABZ R TCHRE
FHEZEI 2 5 WEERET 0 5511l NAKAGA-
HRA®), 530 1k S S i, fitie, #ERE
M RE L RRET OMEERPBERT L b R
ghl9,23,15,62,49,7,2,2\), &lﬁfi%biﬁ‘ D "C“?I < , %’Iﬂﬁ'ﬂﬁ v
ST E T T B ERH B E T 5T,
QW TRUTOHGANHEEIh T3, a) #%
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MEET DS Bafcpids C A, P &EET
BE®), TG B ESTET ThD PLEES, 5%\ WInEK
BEBIETF, Re ™), 35 =A7 7 — CRAEEHE
T5 Esty BB L O Esty JE3 7o X R Eh g
ETF- DL FRDE R, A v PR TEME M
£ LT, b) MfET oMBEMEERE; B F
UL ET 28R a2 SEoBRER
¥, Bhy Bhy Bhs (=Ph) 5% Bhy + Bhs (=Ph) 1%
4 v B, Bhy AFHECL 3L EETh T
7032020 ¥ fo, BHFEIHERET FPL AR
L 4 v ofic FPL 510 I-Ph b ff
LT, 2o, Pl LHEEFRERARD
WA v PRI R W OB RBL AR Th o Mol
EFOH A CTwBZ IHIL T, c hit K L
THAR TR L Y BB EF MR X » T ©
&5,

APGE T, ETREIME L LTRAE Y L
BT B BET I EIT > e T MFRC L9
SBEFRAHLMC L EORFE RER T AV
T, FhS LM L > TE- 1 F1 O EER»S
4 v FER IO AR BT 5 &R/ 810 5 BEHYT
EFRET~T, 2 LTEAFHCHFb 2 8ETF OmE
Wy A% B & it Lic, #A\~C, [Chinsurah Boro 1I)
HED boro TFARTE -4 5 5k EERE T oW
THRETHFET, SR SROREED 1 ok
BTSN A REAEETCOVTAABOF BT
1 v N AR RARERETOSLEE LTS L
R L1,

b O—EoWEASELRICMER, BARS S
Wit v FBL e o RO S ) T, B
MAOFREMc oW T ERELRFH v 252552
bbb, ¥ EBEROFEE S CHREEFOEALEH
HEPEL LCRBILOE T HKEL,

AE LA B Y, T B D BR & ke
Mo & s n iR ERERR BB T AEME
+, WO A o AR BT R L, Ro
T & B R TIE BT D EROWE LRI B E %
W RERA TRELO S A TR OB LXK
T5, ¥h, ERESORESHROEE, FECHEE
Bl % [ o 7o BART RS R R R, kAt
o S S e oz 7 B ONC [ LR 2 B S A T g%
PHRILFIE R L EEET %, 51, £RoWE+H
fodbdBl ks mar i = B R, R EEEEEL
FREFH B X OBE AR U CHBT 5,

¥2E REFCHESTIRIETOMBENSH

¥1m & B

1 F OPAMEESBA T HEETHED i 19
2 %2025 B B ik 3 %34 DR E B iE T OB Y
FTHECIWMEN D B, BLD X Ph(7=/7-1
FUSEEF) PECEHBRBETFDOL>THE Rl
Hli, —H, KFbu® 3, 3uoReFEsanTo
W, Bhy & Bhy 3 e h ThaRBlé 1 v Ry h T
FELCCD, SHOBMEZH FL 2 F5 Ll
DERBTY P cBEgEvET s L L, ¥R, B
FREEIETFO 12 ThB Ph CRERCHERNTTIEE
L FRB T 5825050 53, By & Bhy 12 9\ C
REEFSIE X D BETHERETRIIRS VDT
3 LA EDRMEOEETRCOVTH LTIV,

AT, FTEREOHECEETBETIIELTY, %
DFSR, BETFHEOBES 2 &g o B EORH LR ES
I CEPS O ZE DGR & MR T, Friekg s
EBM»LEGETHEYNRICHEETEHE 2 HIIL
Foo ZHIZX D, #33B3FDH - AIBOFE - R D
W CGREBICBIT 5 BIE TR A HEE LT,

F2H PHEKUFZ

BrEtb kT Table 1 kRT3 R/ HTH D, = O,
H-478 (3 B SR TH B, A-58, 1-32, 1-100 %5 L o8
2@ rhFh7 =/ — A I AEBREETRT O T
Ph%#EFLTCWBEEL LR,

WEZRD 7 =/ ~ARIGORER 2 D7 =/ —
KRG 24 WEEHE Ui, ot S 7ol & Fid3skns
BT 50 L - THE L,

BEME L LG, W, ST, Bk, R,
Rk, BofESs LORIMEE (RARH) 2384 L. B&F
Febbin 1 Bfkdb ey 3TRER D, FRIDNBRE X 100
kb % TR U, BBk 0 ) 7255 (F) 06
BEEEHT, MR Lo THT T, TR OWTIZ3HE
DR THE L, W 1 Bk iz v 10 8158
Z e,

H3E EmER

TN Fr B EEHE ol GeaHVC, Fy &
B By e 8 2 BEEHO S HA F84& L (Table 2),
ZORR, Foesih o8 JERBE 0 HE 1z H-21x
[-102 #fx & 3 ~C 3Tt (27:37) wild L,
H-21x1-102 F, T3 27: 37 i 5+ B WA EIRE TH
212 OO, BEHE AL IERAFRAR L b e L,
SRTHBER D o Fce ¥z, H-479 % A-58 55\~
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Table 1. List of the strains used in the experiment
. Phenol L
Strain Name Hull color reaction Origin
A- 1 Akage Non-black — Hokkaido
A- 32 Furenbozu do - do
A- 58 Kokushoku-to 2 do + do
A-133 Nohrin-9-go do — do
A-133MS Cytoplasmic male sterile line of A-133 do —
A-136 MS Cytoplasmic male sterile line of A-136, do _
‘Shiokari’
H- 21 Linkage marker do —
H-406 do do -
H-478 do Black +
H-479 do Non-black +
I-32 Karalath do + India
1-100 Chinmen-Tuomen-hongmi do + China
1-102 Fully purple do + India
Table 2. Segregation of black hull coloration in B;F; and F; populations
Hul Black Non-black
Phenol n N . Goodness of fit
. . react. T |
Cross combination Bhy+Bhs  Bhy++ ota
Genotype Bhy Bhy Bhs))  + BhyBhy — + Bhy+ Ratio 2 P
+4+Bhy 4+
A-133 MS x’70-277 F* Obs. 11 9 ok 18 38 1: 1: 2 032 0.50-075
(+ Bhy+) (BhyBhyBha/ + + +) 1:'3 032 050-075
A-136 MS x’70-277 F, Obs. 23 47 131%* 84 154 1: 1: 2 875 0.01-0.025
(Bhy+ +)(BhiBhyBha/ + + +) 1:'3 832 0.001-0,005
H-478 x H-406 .
1-32x A-133 Obs. 134 76 148%* 72 282 27:21:16 4.88 0.05-0.10
(Bha+ Bh) (+ Bhy+) 27:37 329 0,05-0.10
H-479x A-133 Obs. 111 114 184745 70 295 27:21:16 4.70 0.05-0.10
(Bhy+ Bhg) (+ Bha+) 27:37 252 0.10-0.25
1-100%x A-1 Obs. 97 65 141 %% 76 238 27:21:16 6.89 0.025-0.05
(Bhy+ Bh3) (+ Bho+) 27:37 020 0.50-0.75
[-102x A-32 . _
(Bhy+ BhsX+ Bhy+) Obs. 71 103%* 174 27:37 014 0.75-0.90
H-21x 1-102 .
(++ Bhy+) (Bhy+ Bhs) Obs. 70 145%* 215 27:37 817 0.001-0.025
H-479% A58 Obs. 90 65 155 9: 7 021 050075

(BBhy+ Bhs) (+ BhyBhs)

*; '70-277 Fy (H-478 X H-406).

**; Total number of non-black plants. 1) Bhs (= Ph).
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3 A-133 LM Ut & & b, H-479x A-133 F, 3. 27
37D 3R TRy EiRA Ukeiext LT, H-479x A-58
Fo T 9:7To 2 RT B4 B4R Lc, Ziuk H-479,
A-B8 R Bhy ¥ LTV B DI LT, A-133 3Bh; %
HLTWRWdTHo1T, Fic Fo €3 RTE MY
4 Urese il & ¢ H-478 (BEF) x H-406 GERAE) ©
F1 % A-133MS & A-136 MS wFh BhaalfiL iz &
5, 2RFESBE (Bevs: JERAS=1:3) 24 U,
5T, A-133MS BEFETAEETOLI2TH
% Bhe B LTE Y, A-136 MS 12flb 10, Tiebh
Bl %#H3TH5ZENHEEL & e 5 o, H-21X1-102 2
A-136 MS x (H-478 x H-406) F; iz 351} % 5B 35\ C
WERES S OBELAE Uledd, ThidRERBC XS
fobd, BB WCILERASM AT 3 O BEHER T
A ENIIE T EF EN

ARER BV CRGEY B Lciifla e,
NTHRIEDO—F BB HC Ph %4 L, F, 2 BF;
Tk P e 0iad Uk, BREE Phoyliy
HERHEOE FoukswWiBEE 72/ -4+ 3k
Beg 7o -+ ERAE v/ -0
W SHFR 11 27:21:16, ¥/ 2WFE T2 9:3:4
DI L BE L, T, BiFy tix1:1: 22508
Wl E Ui, fok, 2HRFHEERLR UM S
H-479x A-58 iz B8\ T M BRIe 7 = 7 — A JRIEH
+TH Y, PhcBE a0 A Clh o e, Dbomi
EBETOHC X - TREFCES 45 SEOBMHHEE
{GT (BhBhyBhy) OF O 1fEL Ph LB X TXv, b
L, Bhy & Ph 3R —EETTHBbE, 2R
RV, ELEVESETHITHEREIAAE LS
ZELH BB, T TREFIRERE IR T oL
DT Bhy(=Ph) L\ 3 REER LB LET S,

H-479x A-133 & H-479x A-58 i3 BAEOH M
KR h, A-58 & A-133 wrh Ehiihon < e
THEA R LT\, A-133xX A-58 Fy 133G L /e
BT EWEIPDLNRIDT, A58, A-133 1 th T h
+ BhyBhy, + Bhy+ 75 5 8ETFH Y4 L, H-4791% Bly
+Bhg b HET xR, ¥, 1-32x A-133 @ Fy 43 B A
& 1-32 13 Bhy+Bhy it 5 BETRCTH - 12

BEScET o RETHERAN I h - TiL, Bh;
UL T =/ = ASURE & ) I RETE 3%
Bhy & Bhy it > WTREHEEBRET- TR 8I0F,
wRHVCTHZEr RIS, £ 2T, Table 3 T3
HO—HCBETRTMOBELTRERF LAV L
CroTF oaxfVvCbEETRARETE S ik

Table 3. Test crossings for estimation
of the genotypes on black hull
coloration of the strains pos-
sessing unknown genotypes

Test crosses;
A; Strain possessing unknown genotypeX
Tester-A (+ BhyBhs)—F1a
B; Strain possessing unknown genotypeX
Tester-B (Bhy+ Bh3)—Fis
Genotypes estimated from the hull
coloration in F; plants

Hull color
Estimated genotypz
Fia Fis
+ + B/llthBll;; or Bhg-
+ - Bhy + Bh; or Bhi
— + + BhyBhs or Bhi
— — + + Bhy or Bht
+; Black.
—; Non-black.

BEEB UL, bbb, +BhBh 5 BETFHEYET
b AR E B+ Bhy 72 585 FR%HT5 B RHx
TN TZHEETERMOBRARM LM LT toF %
FhZh Fia & FiB &35, Thbd Fi okt 5
HORHMOM G & » THERMEOBETFEIIES
KHETE 2, MROBRETFHIIC X - CREEFRHOH
LT3 A-58 (BEfED 2) % A R, ¥4 BF
#izir 1-32 (Karalath) 7223, XL GEEBTFRIO
SHHBTTHIE, chbo A, B R ioRFE L E
WTh Ly,

DELEEEIC LD, BAE 96 B, ThilstostE
Ff 198 /8 +5 X O BRI TRRM 39 Rfftic ST B
BFEBT A EETRYRE Ui, REHIREEENT
Iic i, B, B, hE - BEH -G8, 1V
Frd 7409 Y, 41 Vv FHEYT7, A VFE 2401
Ve RFRE Y ELT, K= Ty, Vi
N—="=T «2—=TARAFTET - TAKFYVT, TAUHIE
Lol (17 v8) &Lk, b, HARLD, It
E. WL, BEW - g, dLbE, 1 - rE O 6 i
SN OBERT S X OB ETRRMA b & it 8 Bie s
L TROEDFHIBE BT 28 BEFHOBE
Table 4 iR L7, T OFC LD EE G (Bhbh,
Bhs) 3B ic g v Fickbh, 35— L2 7
AU AL TR TR IRET O/ L, BhyBhy+
EEHIEE 2 S b OD T D HEE S 5 Fo, By
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Table 4. Geographical distribution of the genotypes on
black hull coloration

Genotype
District in the world Bhy Bhy Bhy B+ + 4+ Total
Bh.z ]3]12 + + Bhg B}lz +
Bhy + Bhy + Bhy <+ Bhy +
Japan 2 48 1 48 32 135
China, Korea & Taiwan 27 11 1 1 43
Indochina & Philippines 1 12 1 14
Indonesia 5 16 2 23
}Sndia, Ceylon, Pakistan & 8 4 25 925 62
urma
Nepal & Bhutan 1 1 5 9 16
U.S.S.R., Roumania,
Yugoslavia & Bulgaria 8 5 1 9
U.S.A. 1 2 13 9 25
Others 1 5 6
Total 10 18 65 146 1 50 45 333
Genotype
Locality in Japan B Bk Bhm  + + o+ Total
Bh, + + Bhy Bhy +
+ DBhsy + Bhy + +
Hokkaido 3 2 1 13 3 22
Tohoku 13 2 15
Kanto & Tokai 1 9 2 7 19
Hokuriku 12 8 20
Kinki & Chugoku 5 7
Kyushu 4 12
Upland rice in Kyushu 1 1
Tester 1 2 33 3 39
Total 4 2 48 1 48 32 135

Bhs i34 v Vit & PEMIEBI S {, F4—1, AV F
FYTBIOA Ny T h ZREFEL 1.

AT 2 Bzl b, Fht o Ty
EBERSRH H-479 ThH o 7o, B % BIOCH 3 5%48
13, A VLB 7 22U hhbies 8HIRO+ T TR
Eh, ILEHAATHIEREBEAERFE LIV EELD
T, RRAED 35.6% (XS 20 B4+ ThH o
7zo +BhyBhg 1o A TR A-58 (BAfFo 2) #13
T, Bhe P BBECH T AR50, HAON, #@EE - —
TRAIETRG IFRMHT 2R Shic, ++Bhs 7c538

GFREHRTHREIRBRCK DD, +++ K 5EIE
FRUTAKET 2 U DI % < Db iz,

Bhy 3B AROFRSEEPIC LT D 2 LA LD
T, HAROHBICERETROS MY N &2 A,
BhyBhy+ %5 X U+ Bhe+ T 53815 F 8 pb¥EE REH
DV ERAE & BUH - B, R B 1 & D3RR b,
JLHE I BRI TH - oo BMIFASA
Micdsid Tk By++ & +++ sis AEETcS Eh
T\ie, Tiedbb, RO T Bhy & Bhy B L CHH
FIRTEM A ZED b B X 5 T Bhy i3dbE R 22 726



Table 5.

Combined segregations between the genes for black hull coloration

and the marker genes in F; populations

Segregation of
single character

Phase of

F, segregation

Goodness of fit

. R.C.V*  Hull color Black Non-black Total
1
Black Marker (A) inkage Ratio 2 P
Marker A a A a
(%)
. 1 1 174 :27:111; 1.82 0.50-0.
o7.37 Ur (Undulate rachis)* Obs 55 6 72 3 7 81:27 37 50-0.75
4 3:1
(8:1) Coup. 38.7+0.81 Cal. 5813 1527 7237 2823 048 0.90<
. Obs. 85 26 130 54 295 do 465 010-0.25
do be (brlttle;iﬂm)
(8:1) Rep. 59.0--0.85 Cal. 9741 27.04 123.84 46.71 3.07 0.25-0.50
Obs. 79 32 145 39 295 do 482 0.10-0.25
do g (long e(r:)r)lplt)y glume)
’ Rep. 34.0+1.52 Cal. 8776 36.69 133.49 37.06 257 0.25-0.50
Obs. 76 13 35 12 136 27: 9: 21: 7 1064 0.01-0.025
9: 7 do
Coup. 35.1+0.60 Cal. 61,74 1476 4026 19.24 6.91 0.05-0.10
. 94 35 75 31 235 153 0.50-0.
do dy {daikoku dwarf) Obs do 075
.1
3:1) Rep. 525+0.73 Cal. 10027 3192 7598 26.83 1.35 0.50-0.75
. 93 4 130 11 238 405:27:555:37 1.52 .50-0,
o7.37 Am or Agz {Awaed) Obs 52 050-0.75
‘ 15:1
( ) Coup. 28.9+0.87 Cal. 96.27 414 126,86 10.74 0.20 0.90<

*; Recon.bination value.

*#*: Na..e uf character.

g

WA ¢ LN EMI R ekl g

191
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Bhy A ERER R AR ORMNRE L FEL, Bh
HALEESREO 2 S & B X 5 I B AREE 2 I
fAl7s AHEC X » T T & 50 RFEF 3™ LR
BThs, BOFUL Bh, Bhy 38X Bhy (=Ph) 03
WETFOMBREAC L > TRETHIDTH 50, By
(=Ph) b 258, +icb® Bh & Bhy R This
WhHs L2 EOHEELRT TRHBERA ¥ E Ui
B, ThHIDWTHAREAS S X ALEROEED
HJEEFEORP T EBLTIV UL, Bhy % Bhy
EEHET S0 OHBEBEAEE T B RIE I - T
WY EFF O TR u L #EIhD, 22T, ¥ T
F, ERA AV CRAH L EINEET & O §1 B8 th e
~fe (Table 5), AWIEBGEE T, Ur: BiEb A
BT, bo: SAE EXIH), o REFH EIVE),
dy: KBBEM: VI & Anm 703 Ang: T (8
XI 73 XILB) o5 Ths, W6 H 7o 8B %
DOFRD BRI, BOFRETO 124 Un g Am
¥l Anp ThHY, BEFCOVWTRIWTRE 2ZET
B 3EFROSEL R Licid, BHIh MR
flio#EL AKXV hic, 3D B oFOWThizY S
PEEDBELUTHA Lo, L, 2RATHE
(15: 1) %4 Urct™He & ORI IS B - BB Ric o
i3 KUANG et al® Z 5B TE D, o B fh
HHEL LT BT &b, Bhy, Bhy O\ hih—J0E
P &L T B ATBEIIE

o¥r, BEELEEOREVER E OMOHEBEEMY
1-32x A-133 @ Fp £ # - CH# Ui, BEPE L
LT Rk, i, Bokk, kR, RE, ROMIER
(BNiEH) 3 IO TR DI, WTho
FEB LT b BaFR L JERAFAM T hThoY

BRI R BE LB o fe, MBI L
TR O S fER B 1 2 R A R o foht, Ty
B EE ERAE AR OWTER FRGER % 1T- otk
W, Thor ¥ edT B EMRIEY, Fs SMTHRE
CRAEFIC DT X W BAERGEE, B on T
L DB EOBER R SEE LT Fy %> T RARE LM
AR B 2 BRAFHAROBE Y FA Lic (Table 6),
L, WHECRH5RET L ROTRET L2
MOBREE L, BRI X - CRAFECE TS
EETFREIELRCRTTHS, SHOMEEET
L CTHBT 2 REFROSEBE T (1/2+1/288 iz
RTELINBZ EAMFEEIh BN, Fyfitflickid 2
REFROBRHE (9/16P=0178 Lic 23 ThH B,
Table 6 RS h AW FASEKERM 311 % BagER
BHOBHE 2 16.3% THREC X {#& L, Lirl,
M R C B GER OMEI 2827 Lich, B
BEL 0 bdTe DS BIE LIS, h B BEH L BES
EET & M & ORI S 2 OEERIBIER 0 5 2
ZENRE IR D,

2, BAFACHTIEETHOESHEk 72N
AoV TEEMEYANC, GETHLEERE
& OBMRERE Lic, FAEREE HEE TR 1AL
oOEBEARD, BR, RE BB, BERIUERD 7
BTHo7, B, BEFHCDOWTE Bhy (=Ph) &
Biif (= Pht) ORI w3, Bh BEe Bhy Bicow
TOLRAARE &L SMEFBZ SV TG L, Table 7 iR
T<, SHEFEC BRI B L OB Ry
R, By ¥ FTAHMEN B 2 ETHMELI 10H
BERETH-T, LiL, HEREI TR LaROR
Riigh, By 558 B 2B TH0EL 01

Table 6. Segregation of black hull coloration in earliness and lateness
population (F;) which were produced from F, population of
the cross, I-32X A-133 by successive selections
Hull color Goodness of fit
Group - Total
Black Non-black x2 P
Obs. No. 113 581 694
Earliness (16.3) (83.7) (100.0)
Exp. No. 123.53 57047 1.09  0.25-0.50
Obs. No. 77 196 273
Lateness (28.2) (71.8) (100.0)
Exp. No. 48.59 224 41 2020 <«0.001
Theor. Freq. (%) 17.8 82.2 100.0

Parenthesis means percentage.
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Table 7. Relationship between the genotypes of black hull coloration and
seven agronomic characters in Japanese and foreign varieties
Heading Grai . . Cul Panicl
. No. of date rain Grain  Grain ulm anicle N ¢
Locality Genotype <varieties) (O/VII+ length  width §h3pe*** length length panicles
days) {(mm) {mm) PIeX {cm) {cm)
B (35) 38.97 5.24 2.92 1.79 81.54 19.71 17.29
] 1 +11.93* +0.17 +0.08 +0.07 +7.74 +134 +2.40
apan
P Bh (3) 52.67 5.40 2.93 1.84 80.67 18.00 18.67
2 +5,13 +0.10 +0.06 +0.02 +7.57 +1.00 +1.53
Bh (98) 38.06 8.03 3.03 2,70 111.18 23.94 11.22
. i +13.43 +0.78 +0.36 +0.46 +24,80 +4.29 +4.20
Foreign
Bh (13) 28.31 7.58 3.18 241 102,31 20.54 12.92
2 +12.22%*  +0.69%* £0.32 +0.33**% 1055 +1.71*%* +581
*; Mean=+Standard deviation. **. Significant at 5% level. *** . length/width.
BAEDHEHMCH ~7e oL, BB bT 234 +Bhy Bhy & Bh+Bhs 1 % BGTR A HE T 52762 H

TLhbWFhdEmohd o4 HE (AR
8.26, FAEFTA; 823, B} ; 816) THhortotcw, H
KRGOV TR IS AR OB OV THE T 508
BH ot FOH, HAEFE TR, BE, RBERs X
OFRIB L T B & Bhy BB CHEEENRD LR,
Bhy B\ Thd B BIYhEfrot, BRBIU
B & M & O IiZHEBIBER O X5 R D Vv O |RE
L 0D, Bhy pV 3 L OB &EEAUAE BIBY OR &
HTHEELEZZ bR,

giW E E

BagoXxBe ot BLUSH 137 =/ — ARG
BT AMET PhOBETHD LS Lic, AEBRTH
BEFOHME, 2RTHE SETFHOS#YAT, L
md Fp it Ph oy BERRER T - Tte, L L,
BFEoRHe PR ABEENCIER TG, ¥
Bhs & Ph ORI & THEEL T THEBEIRA L
A VCOMIEREEL AT, A AFTRTHERE
FEFEIAT=VEPYEHEEBLLRTEDID, 13}
Figcafc X 2 EENEV. BOFRBRCHES T2
BFELEE ORIz oV TREMRIL A S i Lick
TERETILEORESY B & PR OW#BE TOREY
BHATHLERSBH, #2T, =2 TRRCEBSD
BIETRA BhyBhyBhs (=Ph) ERRBTHZEET 5,
Ph (=Bh;) ot BHIRERC OV TIIE S 2Bk
DEEL S TSN TLV 8112 2%, Bhy & Bhy iz D\
TILEER - EHE® BXUKRT B2 Xy EhEhh
AAB & A v PBIOK{ AN CTHET D E2MEL
TWAHICEEY, BT B 2 LR
BiXiEv, ChRmRETOMHEN Ph LRI b 5
LAMER X b REbIWedThote, £

ER A BIUBIAVCCGERETEHRAORMKESHL,
28D Fy, T/ Fia X0 Fis #FR L, h b0
Fr o X b 4 BOBEEGTEAHE Lic, +BheBhs
A BETEYHET5 A RHE LTiz A-58 %, B+
Bhs ke 5 BETFHEYHT5 BRHL LT I-32 2t
A v FESRHEER L,

2D Fi FIBOREE R X b, 333 e > CERRE
FHAHEE Ui i B, B+ Bhs & B++ Is 5 8IGEF
Bzt v ¥, RE7o7FEEL, +Bh+t AR
(e#l) B FEE LT, i, +++ 58T
R AAELT 2V A LI, LAL, BROGES
T, +Bh+ itiEREcE <, FHCIFRHR
HERLCBEE R o, ZHERLT, dbEE X
Bhi++ p37e <, A B+ + & +4++ Hi%n
57 Bh MAREM D RS0z hE TR
THotFETH D, Bzt LANEBECRO AT
T, Bu++ R +++ s@m FRAKR NS L
5 MBBIREME AT A S 2 &g o 72,

Bhy 2 LT w5 LA LRIt E O
KAECH TR T N O LERFT Ly B,
B+ + % +++ kbr#EETFHIETh O, AE
B Vb RN Th LSS ERC L - T
BEhibDThY, ERE O VLCULBRGTEESHE
DI, g ERESEVHES VTR D
Bhy #4352 LS LT h, Bhy A dtlgED
BBk IS R EIE T A VTREME D b B O Tikiev e &
Eixbhb,

2T, R A TR AEHE oBRBRRET L oH
BFRIRER L 5, BEBEOPRE T -2 ThH-
e BT BBATF (Any ik Ang) & Bhy ¥k
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i Bhy & DElic 28.5% ¢ 2 A 2355 5 1, KUANG et
al T X a Wi ER OMEEI R (208%) & —FH L Tw
foo fliz REFHEIIRER (o) L bAoA (U
Lo b T h ChBERGR AR Ehi,

Wi, 1-32x A-133 © Fy /% B¢ 7 f0E P
BE RO L oBRERNE T S, W5 5 7niERIRY
Rz shichot, LavL, HFMHZB LT F $M
DO RAE LRI A~OBEET, Fs A chfRVELT
Fy R R0 2 BT THERRE Lk L o b, Bk
BHernBegEofE BRAECES Lcbon, Bk
HCRBOAEFOBEENERERE X Ve hE ot
Tk Bhy H %Y Bhy BB S & & & B
Rd B L TRE LT %, —F, BREOEEETHEY
FiT 5 HARER X CSHEMmSEL AT, Bl X Bhy
LEMVE L OBFYRE Lk L o 5, SMER TN
B LT Bh BEH B BEX b Bl h, NESON
TR (REN) BB BMHL O, #-T, Bhy
VIR & HBEBRA AL NS X D Thote, THT L
BEGLRETERMC Bh BN EBIB S LB
S ZBe Tibb, FRREBETERMIITK, B
BIUBEA»LBIETEAREL, B EORERMME
DR F VBT T RO AR DD TH S, Ko
T, BAAL RS B3RS Bhy 23 o TA » 1B
WwWeEzbhab,

ARERCTHS I ShicROFH ST 5 8ET B
¥ X O Bhy o400 B8\ T, Bhy ACERE TS {
FELTWHZ LR TREZETHAH, HARMAR
LIEETF b Ule Z SRR T, X0
AL ORRIE 351 DR I RE L&A~ O TIG & Btk
BHETHEHEE IR D, AP T, B L Bhy O
IRERIBERA B B h, Bhy DR FE HO—E & b Bk
BHOTIRIL - EEL DR,

$3E boro BRAREOEHIEMEREC
BEYSHRBIET

Bl ¥ E

1 F OMIBVEHEMAR G, REOMRE B X
S TET B EPRHLMN LT otc, D)5 REMEERY
(alloplasmic)® 7@l & LCUToOMERH 2, 1 v FE
1 > ORI AARREOR LG i 2260, 7
AV HREOBIHAG R b L TARE® S
B0, ¥t [BPERLE] ofifRELZR U4 v FHo
[Pankhari 203| O LA B AT SRR &
Teote?, ¥bic, WEMTHD Oryza spontanea =

O. perennis ONNVEE A v FEIB At BAE O &
O A28, AR/ 3 ofifRE L O. glaberrima
DR & DA X o THHEMERRM 24T 5 & 0
BHNE, —J, b O TR
AT HAIENREEELRET & LT, boro BN E
(ecms-boro) 3% R 2 RESD 235 0, HAMNE
[7 58] OfBECH LT R Bb 2%, “hb
ORMBIEGEFREBRETFCHD, TOERM I
RA BIV Rz wk T EE&HTHH, Ry Tzl
T Th B, Lo, boro BIiE BEIENR Y
BT BRMOPICIE, RA % Ry X 0 (ERHOFH
HEBET AT AARERS v FEREOH B &
PIRE T T 505D, KINOSHITA ef al?V) b iEaik
EFRFPCENREEERET 2 S 2R e R

L, £h b oREERERIL RA w X254 X vikE
BRHROED Z EERWEE I L,

FEDL h s ORkE BV REEEOBR AR L,
Fibhist O TR RS Bl AR B
FABECHELULTO B EnbMEOBMFEYHE
5L MBRETRRERE TS 2 LR at, BETFH
M Bl » TIBERHCEE R 78S\ T Fy
2o Fs il CHEERC R L, Fhbre>vwT—8F
LeoWiadT o 2 & & it B4 28 Ly itk
E R ARR L,

F2H HHELUEZE

BB Table 8 R L5 % F ThHB, H-103
& H-406 i3 - Fh N Effo [Garumbalay], [Piru-
rutong | 2 LIEFGBIAT A EA LCHR LIORERH T
b, KINOSHITA et al?) iz X » T boro ESfE
T HRMEEDREET B EAEL MLk o, I-
127MS & I-130 i T S PR F R U BN R
& OILMBRMEEERET (RA) AT HT 5/ T
H 0, fifaE T hd 4 v FEGHEE TChinsurah Boro
] d3kD (cms-boro) TH o ¥ir /7 213 [Hh65E |
(I-128) w X v I T35, BB REOTECH:
- Tk, BABET HBELER L, #ix 1% IKI B
CYuth, Uiz, TEM R DU T, 300-500 %1 odfEd) %
BELTRESLERET I 0REERRIER Lo b
W, BRETERRBUSTEMNEOES R TER L, Fs
LIS DBEP BRI DT, 197545 X b BAtR L3, 18
HROBT#HEL Tk X, 1978451 F1 235 Fs ¥ T
AR LT BRESRET et otk
LI,
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Table 8. List of the strains used in this experiment

Strain Name Tyggdofgecny(;t?}ly)gzsm Source

H-103 Progeny selected from the cross,
H-69X Garumbalay
Progeny selected from the cross,

H-406 A-5XH-121 (linkage marker bred
true from the cross, A-13XPiru-
rutong)

_ Taichung-65-go TN e (Chinsurah Boro II X Taichung-65-

1-127MS (male sterile line) (ems-boro) rfi7fi go)X Taichung-65-go By Fy

1-128 Taichug-65-go(maintainer) rATA

1-130 Taichung-65-go (cms-boro) Rfi Rfy (Chinsurah Boro IIX Taichung-65-

(pollen fertility restorer)

go)x Taichung-65-go BgF3

Table 9.

Pollen fertility of F; plants of the crosses between I-127 MS

and the tester strains and between I-130 and the tester strains

Pollen fertility (%)

Cross combination

1977 1978 © 1979
1-127 MS X H-103 0534177 36.60% 9.49 23.064-7.77
1-127 MS x H-406 9.06+9.02 43.43+11.00 37.87--7.58
1-127 MSx 1-130 56.10+ 549 47.34+4.70
1-130  xH-103 58.68--7.39
1-130  x H-406 67.70+2.07

$3EH EBRER

1977 470 85 1979 4 0 S 4EMIC o e 0 BERBROTER
BHETHENE oA, T-12TMS [3FEKE Lo UL EF
OIESTEM A ET 52 E23H - 1o, HIXHE R
Bote, =, MOEFHEGRHILITFILIREF 2K
Bt iEE h 97% Lol %R L, &kic, 1-127
MS L E4BERMME CRHME T 3D Fr OfEH
R E U & o A, (ERRBRERIER v I-
130> H-406>>H-103 DJ[F & 7 v, & DNEALITFBEDOARIE
TR BT H B L - 7z (Table 9), %7z, 1-130
ECBARNCIER 5 R 2R L, 1-127 MS xI-130
F1 12 (cms-boro) RATA & 7a B I dHERETCIITE R §h
PEHS 5095 4T, 1978 SRV B SR ES BT fniad
50% ViRV ER R L. W ER DI, -130 04+ 5
Rfi & H-103 $s Lo H-406 A5+ 5 1M 5 EE &z
TR BRI A D b0 & Thid, 1-130xH-103 %
Wi 1-130 X H-406 #3534 Ty Tk, 7f 5T 5l
RBTZAEURWTHA 5 b, 1005 i WTEH 5tk
PELRTS Ly, ULAL, FEEiciz Table 9 ofn<
587% W& 6719% . b &% b, H-103 L H-406 /it %

hzZh Rfi &3S B REH S Firc il bnteimE
BETFOEFSEIRTWIWREELB L bR, £2T,
H-103 & H-406 1 Rfi &3z Bathic & aEmfattmEE
WETEET S EEL, bhbeT RAK X ARRERER
71 & H-103 R H-406 1o & % h % @5 F oREREERE D
EXE VM EEE TS b0 L ThE, 2o 1-130x
H-103 » F, o554 1-130 x H-406 & F; w5035 £ 85
Fetki, RA B¥uz X a7Emfaik & H-103 £ H-406
B S{ERREOEHIIONS ¥ ME L TRRC X hE
MEARDDZ ENTED, ThHIIEREE X {—H
L7z,

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

F, (I-127 MS x H-103)
2

+ = 47.34

23.06
7

= 58.87

T, (1-130 x H-406) (67.70) = F, (I-127 MS x I-130)

F, (I-127 MS x H-406)
2

+ = 47.34

37.87
T3

= 66.28
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Table 10. Frequency distributions of pollen fertility in F; populations of the
crosses, 1-127 MS x H-103, 1-127 MS x H-406 and I-127 MS x1-130
Pollen fertilityg(%)
Cross, . Total Mean£S.D
combination —10 —20 —30 —40 —50 —60 —70 —80 —90 —100
I1-127 MS x H-103 8 6 14 36 72 32 7 6 16 120 317 65.27428.69
I-127 MS X H-406 5 7 26 46 34 27 21 178 344 80.15+21.52
1-127 MSx 1-130 4 56 52 9 1 1 140 263 76.731+24.81

Azaz, Fi o3 TEHRERIER DBt ZEo b h
#= 7 &%, H-103 % H-406 0A+ 5 bW B mEE s
Tb RA L AHCEBHENERAEYELTNLZ ERIR
%35,

B tho BT fx 1978 45 1@ 1-127 MS x H-103 ¥ X
W 1-127 MS x H-406 0 Fp @ 51T 5T RELER Y #
~Nf2 & Z 5, Table 10 OR#ER Tz, [-127MS x1-130
Fo TR RARIBSEENRELLN, R HWoyfe=1:1
OEAIF S, o W 81 LI EERREE, £ hRig
IR RRE L Lo, kR (81-100%): #HFe (30~
80%)=141:122 (2=1.37, d.L.=1, 0.10<P<0.25) 7 %
SR TRL, BEBR1EC—H L, LrL, o238
Herd st TR2rvTh b ERERERL, 3
R TONBRIC A~ AR » b 1 iz (Homo-
geneity X2=185.65, d.f. =18, P<{0.005), 3D D F,
R L EeMRMAA R Ehinh - o T, H-103
& H-406 o T 5 RREEREFI, RA & RECE
BARERLRT L SR, FL OfERfRM50%
LIFC, 2o F ek a{EHf» SER YR L
Z &b, H-103 & H-406 i Fh 2h o0& i [
HREFOS TR EMMEEIhI, 2 CF & F
OIEMTHEREFHW CE L F - LBETREXREL
o Thebb, BRERERETOERSEBEN THH
i Fr ofE R R BT oG TFRECHE SRS
Db, 1-127 MSx H-103 & 1-127 MS x H-406 0% F,
DIER A BT 5 2wz T o 3HEOBE +8E
THZLVETHS,

1) BBRGHIERYETHIHEEROBERRBRETC LS
Be EHRET A, BB L ab 5B IBT
BrBFT5EBTIERTS), FiEhakiisd
DRETF TiX (3/4P=04219 (42.2%), ¥/ 4T
(3/4)2=0.3164 (31.6%) &5,

2) BURBMIERE AT S 2 MOBEET OMEFER

X254 (BT 4 B omE 2 @o@ERiET o
MM X W IERTER L b)),

a) 3MOWEF A B C 2841, AB, AC ©
ERETEAE T 5ERBTREETER RS
BEwix FL olehietkiz 3/8=0.375 (37.5%) &
%%,

b) ABDEET A, B, C, D »BE L, AB, AC,
AD O ZBETEYE T 5 HEN BB T 2N EHTE
B B8 a it Fr oTERTEM 7/16=04375
(43.8%) Lich,

c) 4FOBET A, B C, D »Eg5 L, AB, CD
70 5 £ BET RO EERET O 2R IERTER & 7«
H¥ AL Fr OIERR#E2 7/16=04375(43.8%)
EB,

1) ofgE, M9 PERREc L CGRRELEE
BEBTRERGT LA HCESCTwa, B
BMIFR Y T2 BEEEGT (5, % X kb8 4
ik, Fi OfERfee G4k tkbadhd, thx
ARG SRR EEE T E oOHERCER T S
(%, 1-127 MS x H-103 i & 1w i3 i iF 4 4 (B5BIETF)
%, [-127 MS x H-406 03 &2 121313 34 (6 38f5F)
DEFBETFBELTS, LiL, ZDEETIEHR
BECILHIRE 2R TEGOEEINE  THEED F
ESMARE T2 ELTRUEETH -7

2-b) DKETIL, 1-127MS x H-406 F, 04, F;
TERRML L BB LA, CoRSiTh F ek
THERINCFRBEOTERRE 2R EEOHAE I &
78 b, FEOEEN TP T 5 A5 Th -1,
# 5T, 1-127 MS x H-103 #& it 2-a) DRI Z I
b, 1-127 MS x H-406 o3&t 2-¢) DR % =
L Xy Fp DREOERREERLHE L, Thbb,
H-103 L oxg#Tix Rfe Rfs Rf: (RFF) 75 3BET
®IRE L, RfaRfs H5\ % RfaRfe DEEFHEHT
HEBFI/REERCREE TS 2 &, T4 H-406 L 038
MOBE WL, RARAGRARG URFR) b 48ETY
RE LT, RfaRSf &5\ RAERS OMBIRAH TRtk
TEMARESh B & & Lz (Table 11), ki, BETFH
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HEET® OB/ REIh ML, BEFROHE
WX DZRENCELET S E LT, F, oS 62
BEEES (s) BB LT, [-127 MS x H-103 T3 s=0.774,
1-127 MS x H-406 Tt s=24.529 L 7¢ b, \wFh b B
BEFHTNTHID BACECIRENIYETA LD E
LT F syl Emtt s 2P L, 20X
RED T, FZHD Fp @B 5 {MOEETFE
DWW AERPTEDRE L S e Th b OB#R

BEERDI: (Table 12), $ LBEET Ric X viEHR
WRERLS AR 2R T 0 R E T i, SOKAL and
ROHLF®) fikic I 0 Fo k3 a7EMREOBRLY
EESMRRD D o LN TE D (Table 13), 1EMRMA
& - - (RO 3 BRI U CERE & BEO B A
PHRELICE Z 5, 1-127 MSx H-103 F, TI3@aEHN
&L EREXERE L Y BRl e lofcbon, 1-127
MSx H-406 F w BTl idIBHATH L LT I Wi

Table 11. Genic hypothesis of the pollen fertility restoration; genotype
of fertile pollens, theoretical estimates of pollen fertilities
and relative fertilizing capacities in Fis
Cross Genotype of Theoretical pollen Relative fertilizing

combination

fertile pollen

fertility in Fy

capacity (s)

I-127 MSx H-103

RfRfvRf: 1

Rf.Rfs 7 (14 p)x 100/4 = 36.60 0.774

RfarfsRf: p=0.464*% 0.774

I -127 MS x H-406

RIGRIFRFLRS 24529
RAARARfETS 1
R RfLrfE RS 1
RF, R riirfy 7x 100/16=43.75 1
Rfarfy RfERSfG 1
rfa Rf3 Rf¢ Rfy 1
rfarfs RIGRfG 1

*; Recombination value between Rfy and Rfe.

Table 12.

Theoretical frequency of different genotypes on pollen fertility res-

toration in Fys of the crosses, I-127 MS X H-103 and 1-127 MS X H-406

1-127 MS x H-103

Theoretical pollen Genotype Frequency
fertility
(%) Rfa Rfs Rfe p=0.464 s=0.774

(1) 100 ++ (;I j"j) 1—p2+2sp 0.2094

2) 768 4 = 4 2 sp? 0.0669

3) 732 F+ = 4 (1—pp 0.0573
++ (T2 70)

(4) 50 Tt ok 1—p2+4 sp—2 sp? 0.3758
(5 13

(5) 384 +— 4— 4-— 2 sp? 0.0669

6) 366 F— = 4 (1—pp 0.0573

(7) 25 +-(*2 30) 2 sp(1—p) 0.0764
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Table 12. {continued)
1-127 MS x H-406
Theoretical pollen Genotype Frequency
fertility
(%) Rfy Rfi RfE RS §=24,529

+4+ 4 sksk ckk

(1) 100 <** TE ok ++> U+Ts 04007
+— 44\ (+— ++

@) 75 <++ +_> <++ +_> 8445 02172
+— 44 o
<++ +—> -t

(3) 625 - e 4 16+4s 02336
-+ (I 13)
F— ) [(—— k%

4) 50 (++ +_) (** __) 28 00573
s Z%) (1 13)

(5) 43.75 +— +-  +—= +- 6+s 0.0625

L [—= %

=+ (5% XE)

(6) 25 ook 14 0.0287
(% X%) +- +-

% ; Dominant or recessive gene.
+; Dominant gene.
—; Recessive gene.

Table 13.

1-127 MS x H-103

Theoretical and observed distributions of pollen fertility
in F; populations of the crosses, I-127 MS X H-103 and
1-127 MS x H-406

Theoretical

Pollen fertility (%)

pollen
fer(t%})“y T10 -2 -3 —40 —50 —e0 —70 _s —w —wo o
(1) 100 041 501 8949 9491
(2) 76.8 0.01 0.22 2.05 6.73 8.07 413 21,21
(3) 732 0.03 047 3.04 6.91 5.76 195 18.16
4) 50 0.51 629 2871 4810 2871 6.29 0.51 119.12
~ (5) 384 014 154 594 845 428 080 006 2121
(6) 36.6 0.01 0.20 1.81 5.84 6.92 292 045 0.03 1818
(7) 25 042 3.14 8.55 855 314 040 0.02 24,22
Total 043 348 1241 2662 4726 56.39 35.07 2043 1935 95,57 317.01
calculated ~ ~ ~
numbers 16.32 130.27 170.42
Observed 8 6 14 3:6 72 32 7 6 16 120 317
numbers 28 110 149

x2=1177, d.f.=2, P<0.005,
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Table 13. (continued)
1-127 MS X H-406

T "‘;gflzgcal Pollen fertility (%) o

fer(%ty ~10 —20 —30 —40 -50 -60 —70 —8 —90 —100

(1) 100 010 150 1038 12586  137.84

@ 75 001 023 233 1098 2380 2380 1355 74.70

(3) 625 002 047 399 1546 2754 2265 859  1.62 80.34

4) 50 001 021 148 472 684 472 148 021 001 19.68

(5) 43.75 010 0.86 360 714 650 273 053 005 21.51

6) 25 034 145 315 315 145 031 003 9.88

Total 034 156 424 871 1753 3144 4610 4996 43.03 14104 34395

calculated — ~ ~ - —_

numbers 14.85 95.07 234.03

Observed 5 7 2% 46 34 27 21 178 344

numbers 12 106 226
12=213, d.f.=2, 0.25<P<0.50.

Table 14. Variation of pollen fertility in F3 lines of the cross,
1-127 MS x H-103
Pollen Pollen fertility (%)
Line fertility (%) Tolal 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 7895 29.97
9 90 19 19 9803 358
13 90 1 2 4 2 11 20 7790 3178
1 80 119 20 9834 294
2 80 20 20 9958 0.85
3 80 17 2 9 19 7631 30.69
4 80 5 5 9 19 7392 3426
5 80 19 19 9866 2.28
6 80 117 18 9752 714
10 80 1 1 1 1 15 19  89.81 25.03
11 80 A 20 20 99.89 0.38
14 80 119 20 9869 3.38
15 80 4 4 2 1 8 19 7466 . 30.74.
16 80 3 4 4 2 7 20 7332 2846
18 80 1 16 17 9894 289
19 80 19 19 9973 081
20 80 19 19 9845 2.34
8 70 19 19 9818 237
17 70 3 7 4 3 17 5517 3822
12 60 19 19 9908 229

*; Coefficient of variation.
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Table 15. Variation of pollen fertility in Fj lines of the cross,
1-127 MS X H-406
Pollen pollen fertility (%)
Line fertility (%) 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 6 12 20 89.23 14.35
7 90 1 2 1 2 2 3 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 9341 331
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 7413 29.05
8 80 1 6 2 3 1 3 4 20 6543 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 24,10
18 80 1 1 2 1 3 3 5 16 75.84 2544
20 80 4 2 1 12 19 75.37 36.07
1 70 1 4 15 20 93.09 746
70 1 4 2 3 10 20 83.17 16.51

70 1 2 2 2 2 1 10 66.73 35.92

70 1 1 4 2 2 3 2 5 20 68.29 34.56

10 70 1 3 3 1 2 2 15 67.61 30.20

*; Coefficient of variation.

BafRi, BEEAROLDCHT LIME LR
bl otcdb 0o, BEFERIOFZLHEITITIEIHS
RickvosT v,

K, F1 L0 F; CHE LCBETFERREBEE TS
7o Fo 0 Fs A E TRtk EGOBE AR VB L,
Fs fRofHEZE R Tables 14, 15 R4 { et
a o LIRS B o e, 9 I X hud, REatcBg
S+ 5 RETHRBENERYET 256, £BoTR
MR oRR & s Rk L, Fs R cizdinl
ELXDBTHS Fo BEL VRN R B LE
2bhB, LHLahs, 1127 MS x H-103 s L Ot 1-
127 MS xH-406 @ F; & F3 O BT thXh r=
—0.0348 &L r=—00423 THER AL o, Thid,
Bt EA A SR LIcER 1975 ETH h, F: 0B R
HERRRTBERFC L VRESBEShici-D LR
Eha, %o T F RMEOTEMTRRIEDREN Hid LESE
CF @G0 BETFHLHEET LI LABOTHE T

Bot, Lirl, Fs RFEOTENRIEOHEE A D Fo
DORETRATERROCKENET 5 2 L3 THS I,

Tiehb, Fs HEREOIENTM O B 5 s b O A1
RETFREEEFCOVWTREGTFHOBRELER L
Lo iR ey, % Fa Ath0BEETROEREY B
L7z (Tables 16, 17), 7z 3 Fo JE B Bthve 551} 5 £ #OE
GTFROMRITEREHEL b 50% L EOTERBELRL
feBETROBEE X Y E M L, [-127TMSxH-103 F;
OYpEicit (Table 16), (1) DREFH, FrhbbERk
WA R TREFHYETHHRIHE L b 2> -
teh oo, BIFHEE L, —7, 1-127 MS x H-406 F3
Tk Table 17 o<, (1), (2), 3) O@BETFHEEF T
HEIMEL, Hic Fp CERML R T BETRYE TS
WELED > e I ELEES Lich o, Thik
Fs R B\ CERESELAGL L h 0 E T
BHESE LD TH D, ChHIBREERCLD
DD, BHBEVDEENERC L5 0003, SHOBRE
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Table 16. Probability to obtain the dif-
ferent genotypes in the F; lines
of the cross, 1-127 MS x H-103

Table 17. Probability to obtain the dif-
ferent genotypes in the F3 lines
of the cross, I-127 MS x H-406

Genotype* Genotype*
F3 line F; line
@ B @ 6 6 O H @ 3 @ 6 (6
0.17 0.18 0.38 0.16 0.11 2 092 008
9 1.00 4 1.00
13 1.00 7 1.00
1 1.00 9 053 047
2 1.00 12 030 070
3 1.00 13 083 017
4 1.00 14 1.00
5 1.00 16 1.00
6 1.00 17 1.00
10 0.62 0.38 19 0.02 0.43 0.55
11 1.00 8 0.82 0.16 0.02
14 1.00 11 0.16 0.80 0.04
15 0.99 15 029 071
16 0.98 001 0.01 18 0.21 0,02 0.77
18 1.00 20 1.00
19 1.00 1 1.00
20 1.00 3 096 004
8 1.00 008 091
17 0.28 0.38 0.25 0.08 0.30 0.69 0.01
12 1.00 10 0.70 0.30 0.01
(pm{;’éﬁli y) 1200 017 018 563 117 0.75 0.08 (19.98) (pm{:lg?llity) 3220  4.86 4.07 4.80 3.04 (20.00)
“fgg“ﬂ 8.37 1,87 1.60 7.37 0.45 0.30 0.04 (20.00) Theoretical 445 478 4.87 0.85 0,63 0,02 (20.00)

12=6.62, d.f.=6, 0.25<P<0.50.
*. Estimates due to the genic hypothesis in F,.

E R b iaw,

we, Fs e Fa R, Fo o d Fs fR~oH%:
ot (Table 18), 1-127 MS x H-103 Tt Fy {£°T,
1-127 MS x H-406 ¢ Fs i BT 1 Rfi 2 b & T
NP BEE L, BERHEID D 57023, B
YR TEECED ¥ ToOmRIECEERE Ueoir, B
Fo L BEEETFEIEL TN S4BT, Fh L
LICBENERC X530 EE LB,

Ll EogER S, H-103 & H-406 12 X » T4AESF 5 TE
wRHEEy, FhChBEBEMERZAEL, Lrd
HWHREBERYE T X5 7 3 5% 4t o EIEE
EFHEE TS L abh b,

%2=504.31, d.f.=5, P<0.005.
*; Estimates due to the genic hypothesis in Fs.

Table 18. Selection experiments for high
pollen fertility up to F, or Fs
generation

Number of lines

com%rigziion Generation Flﬁ?ghin segregated
fertility
1-127 MS Fy 5 0
H—>i03 Fs 7 1
1-127 MS F, 5 4
H->206 Fs 7 1
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A v FE % [Chinsurah Boro I} 225 3k L1
boro FIFIFAE (cms-boro) i 3t T % Fetk@EMET &
LT RA BB Ry BBETF & LTIERT2 2 &
PREIH T B2, —~Jf, SHINJOSUS) 13 Rfi R Rf
I O fER N OF\ RIEEISLEET (weak restorer) 2%,
HAfEc 19 %8t (12.7%), S EREH 28 %4 (183%)
SENRT VB ER WL Ui, AEBRC A LA
H-103 & H-406 i $h b AHER & h S E 28 A
LRk Th b, 1-130 2 54 L7z Fy & HlE L
T Fy BT ABEEERS v, KINOSHITA et al?)
X AT, EROMETC L ARMEETHD
EDVRE Sht, AWRR s\vT 1-127 MS < H-103
o F1 Tl RfaRfs & RfaRfe a5 BETHA BT 50
BFIP RIS AT D L s Edic, —F, [-127
MS x H-406 Fy Ci3. RfgRfy % Rf¢ Rfy e % ETH
BT HEET IR & b LW O RERRRIT T
MESEEN A 4T o o pt, [-127 MS x H-103 4wt Fi 4%
25 Fs REES ¥ € LR RET KA 3 Ee
h, T-127 MSx H-406 TI 7o B HAME L8R 0 i T4
EhRHBL00, pr5HRERY BT HEED Rf
(TERBERERET) PFETH LD S k21T,
BEBREINBEERYEL LGS T IV, 2 5HEH
BFRS &L EAERMECT TR TOeb b, BB
FREBETO X CAARESERCO N THFELT
WEL DML SO AR TH B, Piel &b H-103
¥ LU H-406 23020 2T REET O —8H 2\ ik
TEREE LTz LN TH S, [-127 MS x H-103
X [-127 MS x H-406 OEXZHM AT 5 Fu D
Wt R & e 0, WY BHREARER M B R
B FRIZeHE Fo wwdsid B fER Rt 0 L W CRL & AR L
7o, H-103 %= H-406 o #5125 fEkietk MERET &
40 @ L 5 BET BEEET L3765 20 Btk &4
THURELEx bR, TR, HETRE ORISR
rric b M E BN L e ERE T OMEERC L 5%
LG ENBHEM AR S h Tk b, JENNINGS™
1T - 7 B EIR 181 2530 5 % ity 11 o> AR EHEC 3
B EOBE A A B D, TOfo BEIE
R HPAAE & oz Fr CHRABHIREORES T 57
f@{ﬁ.:piol,\"C@gﬁ%ﬁ]ﬁi%519,23,62,7,2,21,60)0 ;/gﬁﬁziﬁ;
Mt A EGRE T OB OKAS I X W RENT
WAHA, MELBRT A8 OfRMEERET S HHE
AR DV TOBRIRE M S h T iny, R
CRCTHE & - etk mBEe BT s MR RETO

TR, METRRH B0 50 OFUET RELET
DR E—FT 5 L BBV EH VDT, HilaERH:
TEEM: & AR OEINRE W ST 5 00
Wit LR BTHB D,

B, RA & H-103 % H-406 053 5 REEHE
BT & ORICHEMERSR AL s &, b Lok
ORMEE AT % 1 OB T 5 bV, Fr obes
A3 100% 1§ CEE X w8 5 L 5 RlEE R
DERETRICT S E B TS, 20X 5 efatkm
WA ER S g, HEA R O BRI 2R Eik
ELIeLTTHAL S,

F4E BEFRAIxHBREHEINTS
EBFHRETF

F1e # T

BEWEOSBEREEILE R RAL, REHERE
FLOBFELLTOFEREI > THBENS T s w e
B2 TRAEINID, T, lima bean #4554
DY T T OFESRE STV B3791010) g x
CRWTULEHELY 2 FIBIE A 2D BARHT, gu
ODFEXHBRLIONEHTHD, FOH, NAKAGA-
HRA®) 530 i J o CEEL LTARB L v rB o
o B BT B HE O RESHIC OV THEED ga 0
Btk o5z LR EShi, #-T, HEMTIARE
NIRRT 0L LT B 2shs B B 4 i at
LELIEBLRS & L, BUEHREETORRE L
Tik ga 7T 5 IEHEMRD gat TEWO Fh X viE
WZER K ST, ZEERHFCET Db EEL LR
TWBIN6I0, Zagel & UC RBAEET & B33
BIEFOZMEELE < s HREOBE) o, K75
5 1DEE), Oz LIEETHEC KEQ B,
7o, BUREEET R EMEORESERED 1oL LTk
LT3 &BB2605,

AP T, TRHSE] »bo i v~ B X
- THR S NI G R B e S5 B R IT
HHERC R T S # Lo BSARETY Bl U, %
o CEER R BB OB RAETH B
H-50 22t v &, o 1L s TR 5 s
HEETE L5 BRESBOET 2 S LG £ o
o ZORRC g DA b HATIRIO i BT
BUBHRIET 30 2L T B 2 EAVRE hic,

B2HT HMHEBEUFE A

ARERR V7R850 Table 19 1574 22 0B <
br, cop, £ I1EMNCHTRT»BETRET, g
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Table 19. List of the strains and marker genes

Strain Marker gene Source

M-533 stf i\ﬁztiglt.ig?}(iu‘clsghliiyn_tgzogamma irradiation from
H- 52 CB, A, Pl, d3, dy, ds, la

H- 79 lg, dy, be, la

H-126 C#», A, Pl, Hg, ds

H-152 CBp, A, Plw, I-Pl, Hl,

H-79 MS lg, dy, be, la Cytoplasmic male sterile line of H-79
A-136 Variety, ‘Shiokari’ in Hokkaido

No. 1500 CBr, A, P+, Pn, d,

No. 1501

No. 1502 lg, st} Progeny of the cross, M-533x H~79
1- 30 stf Progeny of the cross, M-533 X H-152

*; New gene for the white stripe.

Table 19. (continued)
Strain Geg}l?itgtﬁ;sfor c’cl;l}:)prz t?ofn Source
coloration
H- 50 CBp, A, P I Progeny of the cross, Bunwaigata-motsure X A-58
A- 55 CBt, Ad, P Gt Variety, ‘Kitamura wase’
A- 58 CB, A, P I Variety, ‘Kokushoku-to 2’
H- 59 CB, Ad, P il
H- 61 Car, A, Pt P+
H- 69 CBp, A+, P GT
H-138 CB, Ad, P L
H-406 CB, A, P I
N- 46 CBp, A+, P GT
N-71 C+, A+, P Gt Hosetsu-waisei
E- 48 C+, A, P+ Gt Chinese variety, ‘Rokujunichi kiso’

B B BB R Ule D2 M-533 R BBl Fiv iz
UM AT B oty M-B33 3F v=—7 41— FIT
B CREMER 8 B v A UL BEREREE YR TEA
HEHE T, EhEEEIOMEEFRC X oHEEZT
. ZORMOETHERBRE ORI, S 1
OFTIN EERE LT OYEFIEL LB auwy
MBELELT, Fo¥ 3N ECRS, FHECD
WRRBREYET S, B No. 1502 (31 M-533x H-79
D Fy fRICE b @B LRHT M-633 LA iEa s
LERETH S, 1-30 4 M-533xH-152 o Fy fend
B, BT LRRHT M-533 HMofiadH LTvis,

A-136 e oS RE [Lsnb] Thh, H-79

MS 12 boro BT RMREYH+5 H-79 TH 5,
H-50 3O RT R T, o L SN BT 5RE
RERT OFITCHI,

FEREDBOBER, YHEELTS BB TR
FEET o, o, BRMEREEC X D ER LK,

F3WH EBRER

BETBET o g U EERCHE L, F, 12
FR RERR =31 0BT 5 - LELS L AbR
T8, i, EHRE TR H9 3 e kB L, &
@75 M o CHETE S LCu i (Table 20
B, L2L, M-533 & H-79 2% Lick 2 A, By
CTHETRSEL G: 1) w#ae?, LA 7
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Table 20.

Distortion of the segregation of liguleless in F, of the cross between

M-533 and H-79 as compared with the normal segregation in F,

Phenotype GOOdr(l?ffsl)Of fit Percentage of
. Cross combination Total liguleless
Normal liguleless 12 P (%
o)
Normal segregation
No. 1500x H-79 202 77 279 1.00 0.25-0.50 276
No. 1501 x H-79 218 80 298 0.54 0.25-0.50 26.8
Abnormal segregation
M-533 x H-79 110 75 185 23.83 <0.005 40.5
wooX » 851 557 1408 159.19 <0.005 39.6
Total 961 632 15693 182,93 <0.005 39.7
Table 21. B F; segregation of liguleless in reciprocal crossings between

(M-533xH-79) F; and H-79

Phenotype Normal

liguleless Goodness of

fit 1:1) Percentage
(%)r_oss. Total of liguleless
combination Genotype + + + gas  lg + lg gas ¥ P
lg + ° lg + g +° g + ! (%)
(M-533 x H-79) Obs. 324 370 694 53.3
X
H-79 Cal. 347 347 3.05 0.05-0.10
H-79 MS
X Obs. 9 26 35 8.26 <0.005 743
(M-533 X H-79)
H-79
X Obs. 11 39 50 1568 <0.005 78.0
(M-533 X H-79)
Obs. 20 65 85 23.82 <0.006 76.5
Total
Cal.* 19.97 65.03 0.00

*; The recombination value between /g and gas was estimated as 4.2% and the fertilizing ability

was calculated as 0.2669.

WO Bk & e b, g% (@@Edo lg EEOEE)
397 Th -7 (Table 20 FE), -, ly DREHHE
FETHHEEN M-533 whHsbeBrohk, HHHE
PEFESEY TR TS, 1) BERETR 2 U EfEfET
%8, 2) BMBTO—HrNE LT 50Tt Rb b
BEET (BETRERET, ) 8T 5854, 3) 1
BOZIE % W » EBARET 8T 55403
DORFLLNRB, 1) @B LT, g 15 LT s
EVCIOMENCRETIHSL® LoD, RN
BT a8t iow ot 9: 7w vty 3542
EITE IR, 2) konTit, Fy olEfai: o1
WEFLC A, ThFR 962% + 918% Thh,
Fic Fo KEGROBTRES RIFTh o7 RoT, R

BICtrbb BETFOEEL b0 ELbhi, K
w, DB BHEETC I EEYBE L, Tib
%, (M-533x H-79) F; & H-79 oR-cHKRE LM
7 72 & = A (Table 21), M-533x H-79 Fy %Mtk Elic
ROl cIey & E=1:1 oBRTH o5 Bt
CHE LR LT, FL 2 itgic Liesarizl:1
OB E T, 8% M 765 Lixot, 2O &
b, M-633x H-79 Fo i@ 4 Ut lg o BE T, 16
MOZREINC 7o 5 BB RRE T lg LHEBEL T
e EHEE RN, CORMBEEETE M-533 »E L
Tieh D EF 2, gas LIRFRLIC,

BB AHEET &R T L oMo e+ 51 H
7o T, TR OZHERCKE Lic WK, T7bb lg



B

BRI 1T AR BNERCR T o Ri% 165

T 5 BiF Rk B 5\t Fas RERC B0 %88
SR, IR ER s FOSRO S EER O E o W
% gas & lg ORPNi% p, gas (BB D gad TEB w7
LERRE K L UTC, lg% 7 22% Kol o R,
22-28% % CRIEES B, 28% Ll EA AR5 HE L
T, (M-533x H-79)x H-79 & B, Fi e K35 IE
EH A H X7 B F, R CRIFEIR: @R
¥=11:252 D L& /s -t (Table 22 BB, = oHEiH
HET p: (1-p) TERbIh, I L p=42% (H
R) B shic, —F, Foo~7 nBBHYHFES &
TG AL, B8R TEER: [g-RRAl=1:12:36 &
7y, p=14.3% L HE X Rt (Table 22 FE)., L»
L, St it Uie Fa Rffignidinv 1o Fs RER O
B UMM & B F, R OB LM & o
B3/ oEX L U, 22T, BiFafRX hR
DB OAP L VEETE D LB L, gas & lg DM
Hafiz 4.2% & U, Foiwkir 5 g% 3 1—p+pK)/2
(14+K), BiFy @ g% 3 1—p+pK)(A+K) /bR TE
bEh, p=0.042 & gas TEHOZREER (K) 1k F2 T
0.2181, B, F; T3 0.2669 CilgE OE#HC & b 0.2425 &
B LI,

lg & gas RS DBIRIC H 5 7 H1E, ig oD OB
HETBETHD, M-533xH-T9 D Fy 06 BH LT

lg %[ X% No. 1502 & A-136 (Lksinh) @
T BB Fof Tl lg% 7 9.1 Tl b o BRI %
A L7z (Table 23), X - T No. 15023 lg & gas D2\
THBBE - CTHEE Ltk #HEBIhD, LRkl
p=0.042 & K=0.2425 75 SRS BN L C B%HE
LOBEELY HE LR, 12=437, df.=1, 0025
p<0.05 TRPHEEL L e oic b DD, HIFHEE
A EE 7o 7ce FE-C, gas & lg OB ZREER
T OFBM IR I EHE LT I,

M-533 iz HEBE B LTk b, Fo i B 5800
B2 Table 24 ofn<, WTFhoOTHEEG TN TEH
3:1 O ESET, 15:1 o5 EV-BabAe L
fro LAsL, (M-533x H-79) F; . M-533 g4 %5+
% 1-30 & No. 1602 # N LhA# LT, BiF ek
FARBOSEE Bk A, ZHBHEEY AF L
%A Ly, L1 oBRTH SEENE BE L
(Table 25), Zmz L6 M-533 BIDORIZ TR E
BEFHEE L v, BETRESFD st SERTH, £
ZC, Fy B o080 BBEE LT L5
DT EE 2, (g & sty ORI DWTI/HF 2,
(M-533x H-T9 F, v lg & st, 23cA+ % No. 1502
A MEC i BiFy of53 25, Table 26 fn < #lf
i 88% CTHEE T2 Z XML MnE Kot Tibb

Table 22. Comparison between the observed and the theoretical segregations
for the liguleless types in B;F, lines of the cross, (M-533 X H-79)X
H-79 and in F3 lines of the cross, M-533x H-79
Type of lg—slhortiige Norrél;l lg—esxcgss
i -22 22~ 28-6
segregation ( ) ( ) _(28:60) Goodness of fit
lg gas .
+ gag Total
ok ;K 5
Genotype _lg_& lg_+ g _+ x2 P
+ + + + + gas
(M-533 x H-79)x H-79 B; F; progenies
Obs. no. of lines 11 252 263
Theor. freq. p 1-p
Cal. no. of lines S
(p=0.042) 11.05 251.95 0.00 0.90
M-533 x H-79 F; progenies
Obs. no. of lines 1 12 36 49
Theor. freq. p? 2p(1—p) (1—pp
Cal. no. of lines 5
(p=0.143) 1.00 12.01 35.99 0.00 0.90

*: Percentage of liguleless plants.

#* . Genotypes in B1F; of the cross, (M-533 X H~79)x H-79.
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Table 23. F; segregation of ligueleless in the cross combination between
A-136 and No. 1502, which is derived from the cross, M-533 X H-79

Cross. Genotype B Phenotype Total Goodness of fit liguleless
combination of cross Normal liguleless Ratio X2 P (%)
A-136 Ig lg gaggas Obs. 994 99 1093 3:1 14816 <0005 91
X X
No. 1502 + 4+ + + Cal* 97235 120.65 4.37 0.02-0.05

*; Based on the recombination value, p=4.2% between /g and gas and the fertilizing ability,

K =0.2425,

Table 24. F, segregations of the stripe in the five cross combinations
between M-533 and linkage marker strains and between
A-136 and No. 1502

Goodness of fit
(3:1)

F; segragation Percentage of
‘ (%)r.oss ) Total stripe
combination .

4+ stripe p& P (%)
M-533x H- 79 808 42 850 182.40 <0.001 4.9
M-533x H-152 318 24 342 58.98 <0.001 7.0
M-533x H-126 258 16 274 53.65 <0.001 5.8
M-533 X H- 52 206 7 213 53.56 <0.001 3.3
A-136 X No. 1502 1026 67 1093 207.57 <0.001 6.1
Total 2616 156 2772 554,82 <0.001 5.6

Table 25. Segregation of the stripe in B;F; populations of the crosses,
(M-533 x H-79)X 1-30 and (M-533x H-79)x No. 1502

B F; segregation GOOdne_SS of fit Percentage of
Cross Total 1:1 tri
combination . ota stripe
+ stripe %2 P (%)
(M-533x H-79)
X 7 4 11 0.82 0.25-0.50 36.4
1-30
(M-533 x H-79)
X 18 16 34 0.12 0.50-0.75 47.1
No. 1502
Total 25 20 45 0.56 0.25-0.50 44 4

Table 26. Linkage relationship between /g and s# in B;F; population of
the cross, (M-533x H-79)x No. 1502

Cross B1F, segregation Goodness of fit
combination T4 st e+ lgsts Total ¥1?C()727)** x2 P
(M-533x H-79) 2 15 16 1 34 23.18 < 0.005%

No. 1502 (150) (1550) (1550) (L5Qy** 884486 037 0.90<

*; Goodness of fit for the ratio due to the independent relation (1:1:1:1).
**, Recombination value in the repulsion phase was calculated by maximum likelihood -method.

*** . Parenthesis means calculated number.
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sty b I1 BBEREC T E 5 7o, sty DR ED gas
CHEEAL T3 & Shi, gas & sty OREBIEIT
lg-gas B1DB A & Fitgic Fs B & BiFe B o8
L7, (M-533x H~79)x H-79 & B, F; Tz EHE
BT, sty OBV BERI D B 4 U 7z (Table 27
EBY, —JF, M-533x H-79 & M-533x H-152 > F3 %
HCRIEESERNIE Shi b 0o, st BRI
B hics o7 (Table 27 FE), UL, HIEHES
b p=14% (H30) M\ HBRE 2 BE S hi, Bk
DI Enb, lg gas b sty B LEBARIT Ig-gas-sts D
Mg & HERE Z de, .

11 BB FTB T 5 F O BET O o 82w
T gas B FEY RIFTHEIPCOCTEERE Lz, 17

dob, 511 HEERCHTET 58IETF, &by ds, PLE IV
Plw g owCoBESHE M-533 Lo TR MR T
W, BEETFOSEEE T (Table 28), dy (REUEM:)
& dy (5 VB 2\ Thd 3: 1 O RER R LI,

lg & 309% ¢ T 5 PLED o ELLRETFD 1D
Plwst) o\ T OB G ARRE T, Pt BatEl
Ll ote, HICRDIZRER K=0.2425 24T T
Pl b gag OB 12.6% ({H5]) & HFEEShi, —
%, PliBLCit, M-533x H-126, M-533x H-52 &
4 Plosy s C EFROER) & A(7T 75— %)
O HEL RS SRTIBERCH »7ctcd, PLORESHE
BRETE S ENRBE Lo, ML LT, 511 HHR
Lo gag DAEBIRE Fig. 1 o< LHE I NIz, gas

Table 27. Comparison between the observed and the theoretical segregation
of the stripe in B;F; lines of the cross, (M-533X H~79)x H-79 and
in Fs lines of the crosses, M-533x H-79 and M-533 X H-152
Type of sti-shortage Normal sty-excess
i 0-22 22-28 28-60
segregation ( ) ( ) ( ) Goodness of fit
gas Sty
Tgas + Total
Genotype gas_ sl + i + sty 22 P
+  + + + gas +
(M-533x H-79)x H-79 B, Fz‘ progenies
Obs. no. of lines 245 0 245
Theor. freq. 1-p p
Cal. no. of lines 245.00 0.00 (p=0.00)
M-533 x H-79, M-533 X H-152 F; progenies
Obs. no. of lines 140 4 0 144
Theor. freq. (1—p)? 2p(1—p) p?
Cal: no. of lines 140.00 3.98 0.03 002 090

(p*=0.014)

*. Recombination value calculated by maximum likelihood method.

Table 28. F; segregation of the four marker genes which belong to the
second linkage group in the cross combinations between M-533
and linkage markers
be.OSS, Maérlfer F, segregation Total Goodness of fit
combination gene Dominant Recessive Ratio X2 P
M-533x H- 79 d, 140 45 185 3:1 0.05 0.75-0.90
M-533x H-152 Plw 222 35 257 do 17.76 <0.001
M-533 x H-126 Pl 120 154 274 27:37 0.29 0.50-0.75
M-533 x H- 52 Pl 104 109 213 do 3.85 0,025-0.05
M-533x H~ 52 ds 152 61 213 3:1 1.50 0.10-0.25
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Fig. 1. Linkage map of the four genes

belonging to the second linkage
group.

&ty DRETFEIECCAELTEY, W rv~
—HRRHC X > TR RRERYFR L B2 D
ha,

Hit H-50 o T 5L fgarE L, CEAP %
b A58 % X U H-406 & o el & e Fy T
I E R4 U, H-50 13 CBPA o vid CBA %4

Table 29.

FT5L0EHE XN (Table 29), *7-, P+ %K+ 2
H-61 (CPPAP*) L OZHMT Lo Th I+ITH: Ge Bl
=3: 1o BAFRHSMCEEL PR X s lixEs L
72, T O H-50 i3 CBPAP 71 55T HT5 &
Exbht, E-48xH-50 i3, E-48 o fn T Fl 2
C+AP+ T pnmt I+HIIHIITH : Gt B =9:7 g2 4
B EETD e R LA BB X< hs
foo. E-48 3 EFE D4 v FEIA 2 TH D, E-48x
H-50 F; OfETFRM267% & »ic v RS, HETHR
P X BESMEE AT B RS B2 bR,
F, A? %4+ % H-59 kot H-138 b A5 Lok
5, A & A? pBERFE OGBS WT A BlA @ Fc
HUte, Eio, A+ T2 H-69 2 N-46 & 359 L7
Fp TH 4R A WPl Uz, CBLAL %4 3% A-55
LoZHETIE, Cb A kb plir4Aa U, I+ITH: II1
. VIB: Gt#=9:3:3:1 &5 HEEHAHHE I
ns, ITHL (CBAY) & Gt Bl (CBtAL) I FhufH &
frot, Eio, CtA+Y © N-71 L ozc#ciy, [+11H:
GTH: GtH=9:3:4 e A5 LD BEE L Lo
th oo, GTE (CBPAT) 2 LRfifl% R LI, —h
b O G D Fy BT 2 ETRaMEL, E-48x H-50
w3 AC MY M EoEREY AR L, H-50 nAR#
ETa BT 5 DT BRENEELYSE Ul LB LE» -

F; segregation of apiculus color in the cross combinations between

H-50 (CBPAP) and the ten tester strains for apiculus coloration

Apiculus coloration

Goodness of fit

Cross combination Total
I+ MM vi GT Gt Ratio p& P

A- 58 (CBAP)x H-50 334 334

H-406 (CBAP)xdo 307 307

H- 61 (CBPAP+)Xdo 227 86 313 3:1 1.02 0.25-0.50
E- 48 (CtAP+)xdo 150 17 101 268 9:7 4,00 0.025-0.05
H- 59 (C8A4P)x do 210 128 338 3:1 29.86 <0.005
H-138 (CBA4P)x do 191 84 275 do 4.51 0.025-0.05
H- 69 (C8PA+P)xdo 214 107 321 do 11.89 <0.005
N- 46 (CBPA+P)xdo 173 78 251 do 4.9 0.025-0.05
A- 55 (CBtAdP)x do 144 73 55 23 295 9:3:3:1 9.69 0.01-0.025
N- 71 (C+A+P)Xdo 165 74 70 309 9:3:4 5.58 0.05-0.10

T CBAP);

( Blackish red purple.
o (CBPAP);
(

Pansy purple.

UL (CBAIP); Amaranth purple.
VI (CB8tAP); Tyrian rose.

GT (CBA+P, CBPA+P); Russet or Tawny.
Gt (C+tAP, C*rAPt+, C+A+P, CBtAdP);

Straw white.
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Table 30. Segregation of apiculus coloration in B, F; population of the
cross, H-69X{H-69x H-50)
Apiculus . N
color RIS G1 Goodness of fit
Cross CBpCBP  (CBPCBP ;
e Genotype Total
combination Genotype A A+ At A+ . .
P P P P
H-69 CBPA+P Obs. 43 104 147
X X
(H-69x H-50) CBrA+P/CBPAP  Cal. 73.50 73.50 2531  <«0.005
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fRic H 5 EUBEEET (gar &R CBE T LHEES
i, o &k Fr CRESBERR D H-69x H-50
o Fp #HEEr LT, H69 ~RLAHT5 & T8 :
GTH=1:1 DBERFHEOSHELRITIC, F; o0& L
Ffge GT BpuBR & 7c » 7= (Table 30) Z & 45 48
L ThbH, BEBL, H-50 55 ga; # HT AR
DEHEECIDTHH S, AL gay OMMBEHC ST
it, (H-69x H-50) F; x H-69 B, F; ftic k75 GT Bo
&0 55 0.7075 & p=(0.7075x (1+K)—1)(K—1) #z
RN, TR (K) 7001 225 040 # TOfE % &
DRy, MMM 1.6 55 288% DEL 7D C EPEIE
N, AL ga7 i330% LT o MR T HET 2 £ R
Hahi, :

FAH E B

4 FORBAEETCOVTL, ChETo5EMER
H, 1 LEXTEPRICERLT VAT EAHLNE
feoTivb, FRbIETHEND C, wr & HIHT S
gal & gay 35 X8 gas™, 55 XUESEBED ch % bey &
BEET B gay & gad THY, & op D ga (LR
DEBRIEA > OBREHVEZMALRERIh ., ©
O E FIREIZE MR L A3 hicb DT, Z0BE
CILAABE 4 v VP RIOBBETHMEOFER L LT, BA
BT+ Cga b+ scffBL, 1 v riiaia
EEM R RS LD A OO Fy THERCEAR
U, BEFo B LE T EENCREL
T lg LHEPT B gas e, HIEEHFCBLT A L&
BT 5 garty, WThLBARE A 2O P I ERELRE
LTAELELDT, AR X AABOZMTBTHI)
MOTELEET 2 ATEALYW k5 gar &R TR
Bt5, Tiobb, gas it TEHKSE] »brv~—#
BEHC X > THRIWCERERERMTHD M-533 25
HLTwBZ EMNRHER, /4 H-50 358ML>h
X A-58 DTN LD FHERMTH Y, gar 3 BEH L

BRI BRBRER L LT U b on, [58H
Lo HHHEFELELDTHA 5, NAKAGAHRAD),
NAKAGAHRA et al3) B XOFEH 3, AR E 1 v
FECRIBHGEET OO ER S D, AL v
FRI COBETFRBEYF T B &b, —Bo4g
FEROPREEEERE CH B LIBI L1c, chicxL T, A%
A F0b BRI ga BETE, BARREHOHC S
WA HEEOTELAETH L DT, DX 57 gaBiA
TSI BERBRCECTHE LTS Z EHRPLME
I otz, gaBEFE, FOERELSL BETHELYE
feX¥, ga &0 EHEEGRT X - CRETHEE,#EML
b, HACREITE, W-TC, BETOEARES
HECRBEEETF IS S L MR A B 5 0 EEE
ETe B, —RAMBRENEOhD LI LATOREY
ExlonXORMERAT B, P40, ORA® o T
ey T A ERBTRERET, FL I BI0XI
R L, 2 b X gay 25 gas ¥ TORMBRKE
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H5E mAWE

4 & (Oryza sativa L.) OFMfaLciz, ©/ ~0H
BRg B B ORER MLz & A FRDLR TR LD
T, BEFVARBIZHMEV L VEECHD EEL
BB, PBBET VA0S, fx0EENE
#, ThbbLREN, HER X ORENEECT5
BEANLEELT05, Lo, —H Tt & ix—
REEIRO L 5 1282 ShABEFCO>HTHREA DS
IEEELTTHBE LD, 230 B BEFHILD
Bl LCid, AMMREERECBIR T 2 BET OO s
s, Tiobb, HERRMECBE L TREBTR
BFREF20 STEEREWBEETY s IO
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Summary

Chapter 1. Introduction

Cultivated rice (Oryza sativa L.) was divided into
two ecological groups, namely Indica and Japonica
rice on the basis of several morphological charac-
ters, serodiagnostic differences and the degree of
hybrid sterility by KATO (1930). Although there
are continuous variations in the key characters to
discriminate the two types, the grouping by KATO
has widely been accepted in the studies of genet-
ical and cytological problems. Because no typical
differences between the two groups were found in
the karyological features and chromosome associa-
tions, it is plausible to assume the genic differences
for the ecological differentiation.

The aim of the present studies was to elucidate
the genic difference between Japonica and Indica
varieties as well as that within the varieties in

each group. The author dealt with the three
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important problems related with the varietal differ-
entiation in rice.
Chapter 2. Geographical distribution of the
genes for black hull coloration

The geographical distribution of the genes respon-
sible for the black hull coloration was clarified by
using the efficient method of crossings with specific
testers to identify the genotypes for black hull
coloration

1) In F; and B;F; populations, most of the
crosses indicated digenic or trigenic segregations
for the black hull coloration. These results demon-
strated that the black hull coloration is governed
by the complementary action of at least three
dominant genes. In addition, the plants showing
black hull coloration invariably indicated a positive
reaction when dipped in a 2% phenol solution.
Assuming that the gene for phenol reaction, Ph,
inserts the effect on the coloration of black hull,
then the segregation ratios of 27:21:16 and 1:1:2
for black hull, phenol positive : non-black, phenol
positive : non-black, phenol negative were satisfied
in F, and B;F; generations. Accordingly, the
genotype of black hull plants was estimated as
Bhy Bhy Bhs (= Ph), although it was doughtful wheth-
er the gene, Fh works directly for the coloration
or not.

2) The tester strains possessing the genotypes,
+ Bhy Bhy and Bhy+ Bh; were identified from the
various test crossings. They are represented as
A-58, Kokushoku-to 2 (+BhyBhs (= Ph)) and 1-32,
Karalath (Bhy+ Bhy=Ph)). The method for the ex-
amination of the genotypes of the black hull col-
oration which was developed by the author is
explained in Table 3. This depends on the phe-
notypes of Fis in the test crossings, accompanied
by the phenol reaction to determine the presence
of the third gene, Bhs (=Ph). The genotypes of
333 varieties or strains which were collected from
all over the world were identified by this method.

3) It was found that a conspicuous inclination
of the gene on black hull coloration exists among
the varieties and strains collected from all over
the world. Namely, Bk existed predominantly in
the varieties from India, South-East Asia, China
and Japan except Hokkaido, while Bk, was localized
in Hokkaido. Only three varieties chosen from
Aichi prefecture indicated the presence of Bhy and
the genotype of Bh+ or ++ was commonly found

in the varieties from Mainland and Kyushu. Con-

sequently, it was assumed that the gene, Bhy was

differentiated in a limited region in Japan.

4) It was found that one of the genes for black
hull coloration was linked with the marker gene,
Any or An; for awned character with recombina-
tion value of 289%. Although no significant
genetic relationships between black hull coloration
and seven agronomic characters such as seed fer-
tility, degree of shattering, awn length, grain
length, grain width, grain shape index and heading
date were found in F, population of the cross,
1-32x A-133, early and late plants were selected
from F, population of the said cross, respectively
and the frequencies of black hull plants indicated
a remarkable difference between the early and the
late groups in Fy generation. From this result, it
was assumed that the gene or genes for earliness
may be related with the gene or genes for black
hull coloration.

5) In foreign varieties possessing BhA; or Bhy,
genetic relationships with the seven agronomic
characters were investigated. It was noted that
the strains possessing Bh; was earlier in heading
date, smaller in grain length, panicle length and
grain shape index {length/width) than those having
Bh,.

Chapter 3. Complementary genes for pollen
fertility restoration interacting
with the bore cytoplasm

Linkage testers, H-103 and H-406, carried the
pollen fertility restoring genes interacting with
the boro cytoplasm and they had a weaker action
of pollen fertility restoration than those caused
by the gene, Rfi. In this chapter, the mode of
inheritance on the pollen fertility restoration in-
teracting with the boro cytoplasm was studied.

1) In F; plants of the crossings between 1-127
MS (Taichung-65-go) and the three pollen fertility
restorers, H-103, H-406 and I-130 (Rf;), additive
relations were found in the pollen fertility restor-
ing genes among the said three strains.

2) The mode of inheritance on the pollen fer-
tility restoration in F; and F; generations satisfied
the following genic hypothesis. The gametophytic
effect of the different sets of pollen fertility restor-
ing genes were responsible for the pollen fertility
restoration, showing the complementary effect of
the two genes such as Rfy and Rfs, Rfy and Rfe in
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the crossing beween 1-127MS and H-103. Simi-
larly, two sets of combination, Rf} and Rf}, Rf{
and Rf] were effective for the functional pollens
in the cross, 1-127 MS X H-406. Besides this, the
difference of the competitive ability of pollens in
the fertilization were assumed for the different
kinds of the genotypes of pollen grains. Based on
these genic postulations, theoretical distributions
of pollen fertilities in F, populations were calcu-
lated as shown in Table 13. Although continuous
variations were observed both in the crosses, 1-127
MSXxH~103 and I1-127 MS X H-406, the variations
were grouped in the three grades of pollen fertility
(high, middle and low). In F; of the cross, 1-127
MS x H-406, the theoretical frequencies fitted well
with the observed one. Although the observed
frequencies in F; of the cross, 1-127 MSxH-103,
showed a bias from the theoretical frequencies, it
is plausible that the environmental factors also
affect the pollen fertility to a considerable extent.

3) In the most of F3; lines selected from the
high fertility group in F, populations, continuous
variations of the pollen fertilities were repeated
in F3s as well as in those of F; populations. 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 Tables 16 and 17. In
comparison with the values calculated from the
frequencies of pollen fertility in Fs lines, a close
fitness was obtained in the I-127 MS X H-103 F3 lines.
Most of the lines fixed into the high pollen fertility
in Fy or Fs generations of the crosses, 1-127 MS X
H-103 and 1-127 MS X H-406, respectively. Through
these results, it was proved that the plural genes
for pollen fertility restoration insert the interac-
tion with the boro cytoplasm.

Chapter 4. Gametophyte genes found
in Japanese rice

It is already known that the gametophyte gene
was responsible for the anomalous segregation of
several characters in rice and it is estimated that
the gametophyte gene or genes play an role in the
differentiation of the genes between Japonica and
Indica types. In this chapter, it was assumed that
the gametophyte genes were differentiated within
Japonica strains as well as between Indica and
Japonica strains through the crossing experiment
between Japonica strains.

1) Excess type of segregation of lg (liguleless)
was observed in Fy population of the cross between
M-533, a mutant.line of ‘Nohrin-8-go’ induced by
gamma irradiation, and H-79, the linkage tester
carrying /g. Although the backcross, (M-533 x H-
79)x H-79, gave a monogenic segregation (1:1),
excess segregation of Ig plants was observed in
B1F; population of the reciprocal cross. These
results suggested that M-533 carried a gameiophyte
gene linked with the gene, /g*.

2) The percentage of /g plants were surveyed
in B;F, lines of the backcross, (M-533 X H-79)x H-
79. Both normal and /g-excess type of segregation
were obtained in B, F; lines and the recombination
value between Ig and gas was calculated to be
4.2% in the repulsion phase. The fertilizing ability
of gag pollen against gag polien was estimated as
0.2425, the mean of the value obtained from F,
On the other hand, lg-
shortage type of segregation was observed in F;

and B;F; generations.

population of the cross between No. 1502, a progeny
selected from the cross, M-533 XH-79, and A-136
‘Shiokari’. Accordingly, No. 1502 was estimated to
possess both Jg and gas, and the observed numbers
of each phenotype closely resembled the expected
numbers which were calculated from the recom-
bination value and the fertilizing ability. Con-
sequently, the recombination value and the ferti-
lizing ability fitted well in the cross, No. 1502
A-136.

3) M-533 possessed a white stripe and the seg-
regations significantly deviated from the monogenic
ratio in Fys of the crosses between M-533 and
normal strains. However, the stripe character
brought about the monogenic segregation in the
backcrosses between (M-533X H-79) F; as a female
and No. 1502 or 1-30 as a male. Therefore, it is
estimated that this stripe is governed by a reces-
sive gene, st;, which is linked with lg with the
recombination value of 8.8% in the repulsion phase.
Consequently, it is apparent that st-shortage type
of segregation in the said crosses was caused by
the gene, gas.

4) The recombination value between st; and gas
was calculated to be 1.4% in the coupling phase.
Distorted segregation of P/* was also caused by
gas and the recombination value between P/% and
gag was estimated to be 12.6%. Accordingly, these
genes were located in the second linkage group as
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shown in Fig. 1. Since M-533 possessed both gas
and sty, it is estimated that the both of gas and sz,
were induced by gamma irradiation from ‘Nohrin-
8-go’.

5) Crossing experiments were made between

H-50 and tester strains for apiculus coloration,"

and the segregation pattern of apiculus coloration
indicated that H-50 had a genotype, CB#AP. How-
ever, anomalous segregations of A(Activator).were
recognized in F populations of the crosses between
H-50 and tester strains which possess Ad or A™.

6) When H-69 possessing CBPA+ was backe-
rossed to (H-69xH-50) F; as a male, At-excess
type of segregation was also observed in B F;
population. Thus, the distorted segregation of A
was surmized to be caused by another gametophyte
gene, gay, in the third linkage group.

Chapter 5. General discussion

Genic difference related to the adaptability and
reproductive barriers play an important role in
the differentiation of ecological types in plant spe-
cies. In this studies, the author investigated the
three genic differences between distantly related
rice varieties, geographical distribution of the genes
for black hull coloration, pollen fertility restoring
genes interacting with the boro cytoplasm and
the gametophyte genes.

In the black hull coloration, the three dominant
genes were responsible for this character. In the
geographical distribution of genes, there was a
conspicuous inclination in each gene. It is already
known that the gene, Bhs(=Ph), was mainly restr-
icted to Indica varieties. The present author found
that the distribution of Bhs was localized in the
varieties of Hokkaido. It may be implied that the
earliness and other adaptable characters related

to the environment in the north region have some
relation with the effect of Bh;. Thus, the genes
for black hull coloration may be useful in the
quest of the varietal differentiation in rice.

As to the pollen fertility restoring genes for the
boro cytoplasm, new sets of complementary genes
were analyzed from the crossings between the male
sterile tester and H-103 or H-406. These genes
brought a continuous variation of pollen fertility
in F; populations which closely resembled those
caused by the hybrid sterility between the distantly
related varieties. Consequently, the interaction be-
tween the genes and cytoplasm may be worthwhile
for the examination of the relation with the genic
mechanism of the hybrid sterility in varieties of
rice.

As to the gametophyte genes, there were the
two genes, gas and ga; found in the crossings
between Japonica strains. One of them, gas was
induced by gamma irradiation together with the
gene, sty, for the white stripe and was responsible
for the distorted segregation of the genes belong-
ing to the second linkage group. The other gene,
gaz, was found from the crosses with the linkage
tester, H-50, and caused the anomalous segrega-
tion of the gene, A, belonging to the third linkage
group.
tophyte genes related with the reproductive barrier

These results suggested that the game-

were differentiated within Japonica strains. Both
genes are available for breeding work, if the genes
for superiority are closely linked with them inhi-
biting the recombination.

Thus, the genic differences found in this study
may be available not only for breeding work, but
also for elucidating the process of the varietal
differentiation in rice.



