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A & (Owyza sativa L.) OFEREIZINESDOE
ERE L EENEL, FTEAECERCEDR
EpS, BREEPHEZOEBERPIENRER ST
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7, BEEECEST 3 2EEET L EEEEL,
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500 BOEEBETDI b, BFEEECET2H0D
B 160 ETH BV, 7z, FOANOH 50 1B
FEEERETFCHL, BHRERERL LT
OHEHENE L, IERGMEOTERM LY
B2 o BTN SED SN TR, L
L, HROFBELBBRIEMTH L1 A DHEERL
RERUCFIHEEBERT L L, ThTRICHIGL
1BREET) 0 IEERE cEDbL 5% Hicbi:
LEEERYER - IUE - REL, &5 ICBEEEN
BTN ELOTERTHLEEZLNS,
TEEROEREE U, BEHRET» 5K 5 8EH
R OMER S & L BEBERMRREECH S, 1 AEB
Wi NAGAO and TAKAHASHI? 2 & U E#ufeaik
BRI T 3 12 B8R ASSAE X T LUK, A
DT L BET PRV IREINT &7z, T2, FTLT
HED & 0 I HGREZATISE (KBS - AR
ST MUY S 7 OFRE RN gL
5, ARMB LU ¥ FBA 2 zB0T, FhEh
12X DRtk & BEEHEE X OGRS i ¥
hiz49, 2 Dk, REARETOEELIC OV TOR
hERsNT, 190F5 8, 74V EOEEEA
AB%RT (IRRD TR S h -5 2 EEEEA 28
FVURY Y AZBOTREOESERE, Ry,
VY 2y 7y ) —X BB THBORCAERS 2T
W3 ZEBERINT,
HEOHTFEWENFEOHEZ LREB I
W, BESLUVCEENLEREETCRbS T,
DNA 2 HIRBR UM L :BEOWNRFROSH %
< —kh—r ¥ 2 RFLP iz ) 2885, 72 Y H
ERED I —2NVKEB L CHEROBE LY E R
FTHOIN—TC k> TENFRERE N, T
o2 RFLP iR ix@ 7 Vv — 7T 7 u—
TEEBTL LWL -, FREONES L MU
EERLBES»Iz s NI, &7z, REOMESHIBT &
Zh 5@ RFLP KO & 5D 51 59 L 3,
in situ N4 TV I A ¥ -y a it ko TRkl
WHEE DNARP<y U793 daiEelo
Joroanin  Age iy DNA ~ — 4 —, SR, Rtk
b L R HOREEMROIERBTIREL 25 5,
BREE ORBEBEE BT 2 -0 1213, BRE
B2 s UTREFNBN 217D 2 L 858
Hb, IOEIBHERL>T, EREEUIEE
TFOEKDOEIELES P IZT 22 L8 TELS, I
2, BEMERNE - REEET R ThE %

T2%61, XV ERKBETFOERAEMS L2
T &, BETOLEFR &#EEPXAIT 5 Z L%
BEThb, £/, THICLIVEROERERE®
EWUEEREEY, BPERREEN T LI
o TEREBEFHOMEEALHOPICTES, 35
2, BFRBABV ANV 3 WERBEBEOMR
BSHRE NS,

FHFETIE, 1 AOBEREOT» & BENIE
HEREREFOMABIUODT O OEEKRER
L, BEEFE2To, £/, RRERFBEOTICR
BE&RHECRIGLT, BEHIEL{ELT 244658
HEREL, 2ho0RERZERRN, BET
ST, EFTHESEETS L CEETER2HS
ML, EEHEET & OEEBEGRD S etk EORE
NOREERA T E T2, A—HEDH 2 »IZE—D%
BWlEH T 2 @R OBE TR OMEEFRZRET L iz,

. RAXOBEFOH

# =

A4 3 DRKRE L URER, NEEBRERO—DT
HIRMELAUHOBELEEWETH L, £,
BIBEORE L B2 T WRELHETH S
ZEhs, REDDLVIHERSEEORBELRY
Bz Lz, ZhE T OEEFHIEEL T
ANTET,
—RICNABIURERRY V- XRiC L 28
BB THL LEZLONTWEY, FE&EEFOHE
5528bRoNT WS, KEdH 2 0IRANAMA
TERT 2 8EFE LTI 0B, Gr'®, Lk-f107
E, MNRLHZVIENARNMERT 2 BEFELT
X Sp®, M0 Y ost, d-1, d-7, d-11, d-
13, d-30 ¢ £ OBMEEGFULEREIC & D8
ICOEER2ET 2 Z EBHISNT VRS,
LROK & S EBIIKRES RO IEN% B 50
BICE > THE RN 120, RV L 1B S 2R %,
ZRBWOBEL KT 5,7 2bb, HEXKDOK
XS HEBVIECHBEERL, HERRA—FELL
TEROES ZeNTELRL—F, WEKOE R,
AL 2 8EFRCEKEEN, TONTVARETLS
ZEBDY, ZOTUNTUADR UK, 25
ETBFERE RS ZESHSBIEN T B2,
AERTIE, BK, RBCESY 257k EEhE
EFOERZEHNE LT 2BORRARMICOWTHE
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BEFoHERAT, iz, RKCFRbIHEEORE
FHOHEEAZRI Lz, &5z, Wick 8%
EZURVEEOLKOREIDEREPFARL LD
2, WEERLT 2B ETRERT -1 525
TERMERBRCHACIREF, £ 2FK L, 2
BEL -BEEERBE I DLW THREB L ULXREDE
BErHFELI,

MEBLUFE

341k % Table 112, ZEHEMH G % Table 2 12
MUz, "TEEIRBHEFEC7 A 1 ERE»HHE
ARl wbh3® RGBT AEeEEOR
PR TLEk-f #F9 5, N-173 3t ESE L s
Y OF v —FEHENR (M,) ~& 512 EMS 4L
HE2Tw, GEEA (M,) cRRIn-EREEE
Wk B RARHETH 5279, IRAT 13 12 IRRI
I FFEEANTLKRRHETH B, £z, H-343 137
2V AERE» SHBAS NI RHL-36 (Minute
purple bram) & TItEERE 1 5, 2L TES N
ERERTRERT (UK, BERK LK) ©F

SEE@EHD M (B/NGERET) 2HT %, H-726 &
H-1020 i3 lhs-1 (ZEETREET) 2675,
BN 4 B TRCILEBEREREZTRENT
BEL, C=—n Y ANTHEE®R, 53T
HiAZE2HESRKES (FRESARE) 221
6 B LAzt KB B B DA A~ 1 4R 1 &4E
ZTREL -, hESEETRcH- . 9AT
A5 10 ATACH» T OKHETERBE S HEL
218, BT L CEEL R, NAREISEELS
5RF DY 7a A —F—%HAWT0.1 mmET
HEL, BBEOESEEERL 7z, hs-1 @A
) BOTRBNC L 2EF 8w 0L, BFRE
BEL, FoL, BRRCHEAORETR L O
BREL Aonl-DT, hs-1BORRIZDHTIE
BEMEICO EFREBRL 5%, H-126X LB»D,
H-726XEE D F, WE U Tz lhs-1 R D Tk {HE
#F4D 0ROV THE EKERHEL T, ik
DFEHERKD 12, 238, ths—1 B TRAEL O NE
BRA O THREOEIZHEX LK, 7=
/= IVRIGDORGE SR R kI D & 3R ORK

Table 1. List of the experimental lines used

Strain Marker genes Spikelet type
Shiokari A¢ Middle
N-173 Mutant* Long
IRATI13 Long
Fusayoshi Lkf Long

A-58 C8, A, Ph, Pn, Pr, wx Middle

A-32 Ur-1 Middle
A-133 Middle

H-79 d-2, be-1, 1g, la Short

H-82 d2, g-1, bc-1 Short

H-84 d-6, bc-1, wx, fs-1 Middle
H-126 C® A Pl Hg,d-6 Middle
H-165 CB, A, Pl, Pn, Hl-a, gl-1, Middle
H-343 Co, A, Pr, Mi, wx Minute
H-504 di Middle
H-545 Mi, d-11 Short

H-726 lhs-1, Pl Leafy hull sterile
H-1020 lhs-1 Leafy hull sterile
N-177 d-20 Middle
ID**-11(Bs) d11 Short
ID-42(B,,) d-42 Middle
ID-47(B,) sd-1 Middle

* Induced from ‘Shiokari’ by gamma-ray and EMS treatments.
** Near isogenic line of ‘Shiokari’ for dwarf gene.
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Table 2. List of the cross combinations
used

Cross combination Cross combination

A-32 X N-173 IRAT 13 X A-58
H-82 X do. do. X H-61
H-343 X do. do. X H-165
H-504 X do. do. X H-343
Fusayoshi X do. do. X N-173

N-173 X A-58 Fusayoshi X IRAT 13

do. X H-79 ID-11 X do.

do. X H-84 ID-42 X do.

do. X H-504 ID-47 X do.

do. X Fusayoshi H-343 X H-79
A5 X do. H-726 X Shiokari
A-32 X do. do. X Fusayoshi
H-79 X do. H-1020 X do.
H-343 X do.
H-545 X do.
N-177 X do.

do. X H-343

%1.5%7 = /7 — VAR 24 BB R L, R
BEOQOFERZBEEL LD, 0B, HfioE ik
B 2 vz

& 2

1. TLE»Y ) LYVELABRERE (N-173)
1) BETH

N-173 LR ARICE L TREEHOBRERK L O
THF, BEOFERIThL b AEOPREME L & -
7eo E12, B F, EHOWRESMIIF, LRERKD
WEMECE—2%283 5 2E5M6, H50iEE56
KN-173 fhi e — 7 2{O SEHAMI R R LI, &
F,EFRPELaE» SARTREM L EERED
2RI BT AL, BRI 1DOHKEELE
(Table 3),

L7255 T, N-173 OENER T 1 0O TLE
HWREFHEST 5, —H, & F, EHOWIBEOER
BOFhbEER L%, N-173 0F T 2 F @G
FOME T 2ER RN S o Tz, & F EHO
RBHE (AT uBliegt) RIEFHAICENS &
0% WEIEL, N-173 DB T 2 EA#EET I3 Le-
f (BERN) Lt HREOER1%7 U Iz (Tabled),

KIZN-173 ODRREET & Le-f L OXIIERE
#fT>7, Platel 213 "By, N-173B XU TL
B, OWOERBEE R R LT, B BF%TL
BHEGTOLE-f OEFK XY, B, BER, B
ZEERRTIEPHELMIZERTWE, N-173 & TE
#H, OHRZ#EDF, BEOR Kk i o
BrZiy, F, EHATHEHES 7mm ITOER R
WY, BMAZEE LTz, L7zdso T, N-173 D
BREETF LS LRETH? LHfE S, &
S WHRZHD F, £8H» 5 2 2 REMERICHT 40
B2 HHLCF RFEE2ER L 23, $XT
DORFEBSERBCEEL 2. 2 7, BRCET 2K
ZTHOF,-F; MOEFHEEZWTR S 1 %KkETH
BEREOHBERL, Le-f LStz b ECET 2

Table 4. Mean spikelet length in three
F, populations

Cross combination Spikelet length (mm)

Long Normal
A-32 XN-173 6.99+0.48 5.88+0.24
(119) (100)
N-173xX A-58 7.15+0.46 5.96+0.19
(120) (100)
A-32 XFusayoshi 7.31£0.50 6.01+0.20
(122) (100)

*Parenthesis means percentage to normal type.

Table 3. F, segregations of long grain character in the crosses between N-173 and linkage testers

Long grain Normal Goodness of fit

Cross combination Lk-f —+ Total x43:1) P
A-32 XN-173 91 28 119 0.14 0.70-0.80
N-173 X A-58 161 52 213 0.04 0.80-0.90
N-173X H-79 91 31 122 0.01 0.90-0.95
H-82 XN-173 99 34 133 0.02 0.80-0.90
N-173X H-84 222 76 298 0.04 0.80-0.90
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(mm)
N-173 x Fusayoshi
8.0 r=0'450*** *
F3 R F3
7.5 cel BETL .
7.0 ;
7.0 7.5 8.0 (mm)

Fig. 1.
and Fusayoshi.

F2

*** Significant at the 0.1% level.

MENBET OFET 5 C e rB s iz (Fig. 1),

(2) N-173 O

N-173 LGB TLE» 0, OB ELEL -
(Table 5, Fig.2), pFE L ¢, N-173 DPE,
YRE, mHEER (CRE/ZXRE) ZEREO
1.2~1.3f%2R L0 LT, WiE, KIF, X%
KOBZZ OV TRERHMC A ELERTITED S
Nixhot, TKTREZODWTRELED21.2g
L, N-173 TRERLICfE-T29.2g 3D,
W1 ABERL, £/, N-173 BEREL Y ER,
ER - EROBI BT Do, ERIICIEEL, F2
HREOEXPEASL Tw, 3512, N-173 3HFE
B 4~5 HEL, KRB FREEN, FRAK

REREEED S o7,

Panicle

1st internode
34.3cm, 25.7cm

—————

2nd internode
24.0cm, 19.2¢cm

/

11.8¢cm, 10.4¢

e

3rd internode

(mm)

(mm)
Fusayoshi x N-173
8.0 r=0.588%** )
. ¢ . * -
7.5 .ot . - .
7.0
7.0 7.5 8.0
Fp

19.7cm, 15.6cm

Avavd

m

/

Correlation of spikelet length between F, plants and F; lines in the reciplocal crossings between N-173

N-173

Fig. 2.

Shiokari

its original line, Shiokari.

Table 5. Grain characters of N-173 (long grain) and its original strain (Shiokari)

Idiogram of culm and panicle in N-173 and

Character Mutant Shiokari Ra‘tio tq Difference
(N-173) Shiokari mean t
Spikelet lenght (mm) 7.70 6.19 1.24 1.51  7.14**
Spikelet width (mm) 3.79 3.76 1.01 0.03 0.32
Grain length (mm) 6.44 5.01 1.29 1.43  9.31**
Grain width (mm) 3.24 3.09 1.05 0.15 2,38*
Grain thickness (mm) 2.29 2.24 1.02 0.05 0.88
Grain shape (length/width) 1.99 1.62 1.23 0.37 5.13**
1000-grain weight (g) 29.2 21.2 1.38 8.0

*** Significant at the 5% and the 1% levels, respectively.
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(3) ESEAHT

Le-f (BEER) 1hfE TEE 0BT 5EHEE
F L 7.6% DB CESEHT 2557, FFEEHEEEL
TEATH 27D T, BEIMERA T, BEHIER
BN-17T3 CHRERHERHEL T, F, EFA2H#EL
770 BB, N-173 bETZRTH B, L ORH
F, ERATRECOEGL2ECT s TEE, O
EEETEREL2BETER L Tz, S#EMT
DFER, Lek-f BHEML 3 OEREBEFTH 5 be-1
(BARE-1), dl (N3 B X Ulhs-1 (EELERE-
1) oflicZnZ N5 THEBERLIED S5
(Table 6), = ODfth, Lk—f & Mi (F/NeD) ORI iX
24.1% (FHIR), Mi kbc-1 DRIz 18.8% (M3 @
MHpUESEH N, £72, d-20 (130 3EM)
FTLN-177 L "B ORMEF, £EHicBnT
2, Lk-f d-20 OB 44.3% (#831), "TBE&H. D

BT 3E#ELTF An (t) & Lek-f ORI 11.3% (#
5), An (t) £d-20 D& 38.3% (H3]) Difia
FEBBESNZ s, TOERETF An () BB
% 5 { SASTRY®Y O#iss L E—DAn-3 ThH b &%
Zonht:, LId->T, ZThETIHS»IZENT
HHEER P DB RBICANDS &, Rk 3 T Mi—
be-1—Lk-f—An-3—lhs-1—dl (Hg) —d-20 ®
MEBEBR CEENEE T SERT 2 LEESNT
(Fig. 3),

HEMT AW F, £H0 5 5, H-504 (dl) ¥
N-173 X UFH-726 (Ihs-1) X TEES, O 2 & E I
BWT, CEEFE dl H BV idihs-1 ORI DH
BAS NIz, 2 TLE-f, Ihs-1 8 LUV dl O 3385
FEEM (An) L OBEITHIIMED > MEZTTo T2
& Z %, H-504XN-173 OR¥EF, EHIOLE-f LT
BEFLUNZETHEE L %> 7-(Table 7). H-726X

Table 6. Linkage analyses between marker genes on the chromosome 3

Gene Linkage  R.C.V. F, segregation Goodness of fit
pair A a Rati 2
AB phase (%) B b B b Total ¢ X P
H-79 X Fusayoshi
Lk-f:bc-1 Obs. 204 31 21 46 302 9:3:3:1 79.85 <0.001
Coup. 19.5+2.6 Cal. 199.93 26.57 26.57 48.93 302.00 2.16 0.50-0.60
H-504 XN-173
do.:dl Obs. 40 9 12 7 68 9:3:3:1  3.01 0.30-0.40
Coup. 37.4+7.7 Cal. 40.66 10.34 10.34 6.66 68.00 0.47 0.90-0.95
H-726 X Fusayoshi
do.:ths-1 Obs. 396 96 94 60 646 9:3:3:1 2375  <0.001
Coup. 36.9%x2.5 Cal. 387.30 97.20 97.20 64.30 646.00 0.60 0.80-0.90
H-343XH-79
Mibe-1 Obs. 141 15 19 31 206 9:3:3:1 5539 <0.001
Coup. 18.8%3.1 Cal. 136.99 1751 1751 33.99 206.00 0.87 0.80-0.90
N-177xH-126
Hg:d-20 Obs. 263 33 50 43 389 9:3:3:1 5237 <0.001
Coup. 26.2%2.7 Cal. 247.47 44.28 44.28 52.97 389.00 6.46 0.05-0.10
N-177X H-343
Mi.d-20 Coup. 53.7x4.1 Obs. 209 67 77 19 372 9:3:3:1 164 0.60-0.70
N-177 X Fusayoshi
Lkf:d-20 Obs. 150 44 54 24 272 9:3:3:1  4.08 0.20~0.30
Coup. 44.3%£4.3 Cal. 157.13 46.87 46.87 21.13 272.00 1.97 0.50-0.60
LEk-f:Anit) Obs. 192 2 67 11 272 45:3:15:1 1995 <0.001
Coup. 11.3+5.4 Cal. 200.38 3.62 54.62 13.38 272.00 4.31 0.10-0.20
d-20:An(t) Obs. 196 8 63 5 272 45:3:15:1  2.03 0.50-0.60
Coup. 38.3%9.2 Cal. 193.48 10.52 6152 6.48 272.00 1.01 0.70-0.80
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« 53.7 >
le 44.3
42.1
- | 39.1 e
< 38.1 :i: 38.3 >
< | 37.4 N
241 >l 36.9 >
19.2 7.6 17.0
e—— 18.8 —P—— 24.9 —ple-15.2 —— 2 —p]
26.2
22.7 11.3
| { 1 i l | [
d H — 1 I 1 I
i I | ! I | I
Mi be-1 Lk-f An-3 lhs-1 di d-20

Fig.3. Linkage map of the chromosome 3 showing the order of eight genes (Mi, bc-1, Lk-f, An-3, lhs-1, dl,
Hg and d4-20).

Table 7. Homogeneity tests between awness and marker characters of the chromosome 3 in F, populations
derived from the crosses H-79 X Fusayoshi, H-504 X N-173 and H-726 X Fusayoshi

L Awn Homogeneity
Cross combination
An + Total x? )

Lkf 219 16 235

H-79 X Fusayoshi + 31 36 67 80.5334 <0.001
Total 250 52 302
+ 208 17 225

do. be-1 42 35 77 57.8084 <0.001
Total 250 52 302
Lkf 40 9 49

H-504 X N-173 + 12 7 19 2.5971 0.1.0.2
Total 52 16 68
+ 52 0 52

do. dl 0 16 16 68.0001 <0.001
Total 52 16 63
Lk-f 382 95 477

H-726 X Fusayoshi + 65 83 148 75.5284 <0.001
Total 447 178 625
+ 447 43 490

do. lhs-1 0 135 135 432.4195 <0.001
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IIBERERETAKE £19% BL2E

"B, OLk-f L An-3 OEER I DV T IEER
FOHMEPERIC L B EF 2 55, H-504XN-173
DF, WBWTHBLERR, N-1T30ET 5T
BEFIE2bOLEESN, ik TBE) OF
T2An-3 L RBR B0, EREHGE TR
Le-f WS R RLIZ D EFZ N D,
%72, H-504XN-173 O F, kB 2 dl BZF T
EErD, $H-726X"EEIOF, Tidlhs-1H
BIRTEEL BT, ZhoDZ Eh s, dl &
ths-1 BEOREEMH T2 LEIER2E T 5 0,
BRI EGFETEETH S b T OEHE
BERETBEEVS 2ODOTWREESE LS5 3,

2. IRAT 13 ORIt

(1) BETFH

KhL (BhD) R#ED IRAT 13 KB L TIRIE
HERORMA-58 B L UH-165 2L, BROK
RERZHFEL 72, F, BEOHR ITERH O
& 0 ERIR->TH D, F, RFROWERBRESN X
FiBLU I VPPERfRCE-27%2FT2
2EOERESFERL, ZOFLEHA%2 220
-7 D0FHEEL L TEERM L ENAO 2 FcE
AMEsk, 31058 LcESL, IRATI3OE
P 1 S OFAMBET k-i BSEE L T iz,
%72, 22007 EMEAFKOWE T CHSN
3, FRBRICIR > TEEL 2 55 IRAT 130K
bt REMSHEETOfMIcMEEET LS L
Tw3 EEZ 5Nz, —7, WRC DWW TIEIER
A RERRI L, F, £F T TEHBEETO
ABEREI R P o, 8512, Wi F, EE» S
VB2 69 H4E (IRAT 13XA-58) ¥ & (854 H#k
(IRAT 13XH-165) 2#ti LT, F, B¥#E (1 R4
50 fEfE) 2B L, RENORAERIEETHCE,
HROBEFREEHEELY, Thbb, BREEE
R, F, £ L FRRICIBL LA LR TR, X
REERFEDO SHHES L, TheF, it

BUSEEFHEIENTRN, ki k-1, + k-
i, + TE#E SN (Table 8), »< L T,
IRAT 13 ORA M RS ERET k- °H5
L Twiz,

F, SHOHES L CHIBOHEE M i % F, BEL
5P, ROBEFREHERIL, Fig.dlomL
Jrot kit TOMROERBREHEL TS
b, F, RZOCTHBEFHEE2BIN T2 Lid3TER
Dot, ¥z, b-i lk-i OWROERBIR+ ki
E—IEE L2, MEORMSAEETH o7, B
BizoWwTiE, 3MOBEFHEIELICERL, k-
i DEAR &SRR T2,

&5, F, EHOBETFHEOWE, WEOTY
% L 72 (Table 9), IR DWW T+ +&x
U Clk-i Ik-i TWE20%MAL I, + ki T
5%z L XED, WEZ DOV TREEETHE
ERRRHEI LS5z, LiedSoT, k-i 3R
DHAERT 25 MUEETTH 5. Le-f (BERR)
BRABBEESEM OB TIHRE % 30~40%H K &
BB EBIWEINTED, k-i OERIZLE-f
CHARTAR W EHEE I,

Le-f 3EMEs A SERELE LT,
BEEHEL—FAERERYEE L2 PN T
W5 RKEERTIL, ki L Lk-f DIEFOEREHES
PIZT 270, IRAT13XA-58 D F, £ BT 2
WEERERED 2 IR OB R L 7.
R » FR T OMBIREE 0.28, FIRE & —FREK
BT 0.003 &/ha <, FERHEBERIES R
oz, Lo T, ki 3RS L U—FkHuc
MUCTEEEREE ST, Le-f OBRTFERA LR
BH S IR -T2,

le—i £ Lk-f OXIIHREET o7, IRAT 131
TEE LML 5mmBVWHEERHET 2, BEX
IRATI3OR%#F, i3 "BES) BEOWEERLL
(Plate 2), F, SHOWESHIEF, fhiizE—1FE
LT,6.6~10.1mm ich/z38EERZRL, W

Table 8. Segregation of the three genotypes estimated from F; progeny tests in F, populations derived from the

crosses IRAT13 X A-58 and IRAT13 X H-165

Cross F, segregation Goodness of fit
. Genotype ; — 3
combination ++ + ki ki ki Total Ratio x? p
IRAT 13X A-58 Obs. 19 36 14 69 1:2:1 0.86 0.6-0.7
IRAT 13X H-165 Obs. 11 32 11 54 1:2:1 1.85 0.3-0.4
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) Fy (3), IRAT 13 H-165
°4H-165 Y IRAT 13 ° YT1r
i =
Estimated genotypes Y
from F; phenotypes
30 30 1
M k-7 lk-i type n=11

§ + Llk-1 type n=32 ;‘
::;)_20 0 - + type n=ll §ZO~
E (Total n=54) E
10- 10.
ot 0! — —tE
6.0 7.0 8.0 9.0 (mm) 3.5 4.0 4.5 (mm)
Spikelet lengh Spikelet width

Fig. 4. Frequency distributions of spikelet length and width in F, population of the cross between IRAT13 and
H-165.

Table 9. Comparison of spikelet length and width among the three
genotypes in F, population of the cross IRAT13 X H-165

Estimated genotype in F,

++ + ki ki i
Spikelet length 6.87£0.23Y 721+£011 826+0.15
(100)® (105) (120)
Spikelet width 3.96+0.11  3.96x0.05 3.96+
(100) (100) 0.10(100)

1):Mean + S.D. (mm).
2):Percentage to that of normal type (+ +).

R 2 2 BRRER OMG 2 S HERBED S ) &lk-i ORI 37.2% (FHR) OEEMHEH
7z (Fig.5) L7285 T, ki ELE-f 1S DIT Shizd, KREBRTIId-1] DB 2EET AL
BETH oIz, 8B, Lk-f L lk-i OFFREFIIFE
BHER X 5 HEICHMNC/ER L Twiz,

Ijl Fusayoshi x IRAT 13
n=317

(S~
=3

. Fusayoshi
(2) FEHIHT > v RAT 13
k-1 D WTDDEENMMT R R~ T, k-1 1T § 10 v
4 BT 2 Pr (BLESE) BLUPL(7x/— E
VR oflc g FhE3IT33.2%8 X U 0
6 7 8 9 10 (mm)

43.2% DHPYELEE S 7z (Table 10), L7z38-o
o -t BRI A K@%E’ Ph:Pr—lk—z mm_ﬁ Fig. 5. Frequency distribution of spikelet length in
BRI L0 EFILTWwa Z L BHEE S/ (Fig. F, population of the cross between IRAT13
6)o & BT, Pefalk 4 WCEERT 5d-11 (M 28 5% and Fusayoshi.

Spikelet length



160

IBEAERYWASGE $19% H25

Table 10. Combined segregations between lk-i and linkage markers in F, populations derived from the crosses

IRAT13 X A-58 and ID-11 X IRATI13

Gene Linkage R.C.V. F, segregation Goodness of fit
pair A a
AB phase (%) B b B b  Total Ratio x:
IRAT13 X A-58
Prilk-i Obs. 78 17 18 14 127 9:3:3:1 8.60*
Coup. 33.2+3.6 Cal. 77.67 17.58 17.58 14.17 127.00 0.03
Ph:lk-i Obs. 101 32 29 15 177 9:3:3:1 2.00
Coup. 43.2£3.5 Cal. 102.78 29.97 29.97 14.28 177.00 0.24
Pr:Ph Obs. 85 10 12 20 127 9:3:3:1 34.78**
Coup. 19.3+2.7 Cal. 84.18 11.07 11.07 20.68 127.00 0.21
ID-11 X IRAT13
d-11:lk-1 Obs. 175 57 57 7 296 9:3:3:1 7.06*
Rep. 37.2+4.9 Cal. 158.26 63.24 63.24 10.26 296.00 4.23

*and**: Significatn at the 5 and 19 levels, respectively.

BTER T,

X5 IRATI3XA-58 D F, EFM 2SO R >
N 6 BOESBTTF I oOWT, B - HHREII
241, MEOMTHEOFEIEZ DOV TO tRE
21To 72 (Table11), lk-i DELRETIIE L KX
T tESFON, 0. 1% KETEBEESRAD Sz,

43.2 ———-J

332—

19.3

L ! L
T 1 T
Ph Pr Ik-i
Fig. 6. Linkage map of the chromosome 4, showing
the loci of Pk, Pr and lk-i.

Pr 58X 0 PhOBSEEICIZZAETN0.1%B LU
1 %KRETHEHEENIRDON, WMBEEFEE-I D
BRI A NIz, C & k- B 13T B R
AINTBY, FETLIREELER LM, C OB
FZRIMZ b 5 %R TEEEBNRD bz, BB,
HEEAHT S -1 EWMNBIRIEH 2 Pric oW Tik
BLHBTHRCEEEZERIZD sk o7z,

3. BIZFHEEEER

(1) Mi (B & Le-f (BEFEARD

H-343X EE B & H-545 X Bl O #5 %2 it
HL, WAKOERLPFANI, H-343 IT5LEHED
Mi (BB 2F 3 2ERRHT, H-54513 Mi &
EROSHEEREE T 5d-11 (B 28 &) 24
L, BENORKTH 5. MHMHAES LD F,
HEOPWERZENPNEROIZIZTEEE 2D, WiE

Table 11. Comparison of spikelet lengths between dominant and recessive
phenotypes in F, population derived from the cross IRAT 13 X A-58
Spikelet length (mm)
Gene Dominant Recessive Difference t-value
lk-1 6.82+0.05 7.50%0.05 0.68 15.67***
Pr 6.89+0.08 7.16+0.15 0.27 3.39%x*
Ph 6.95+0.07 7.14%0.11 0.19 2.73**
C 6.96+0.07 7.114+0.10 0.15 2.24*
Pn 6.95+0.08 6.98+0.18 0.03 0.27

***and*** Significant at the 5, 1 and 0.1% levels, respectively.
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Fy H-343 x Fusayoshi
n=294
=
3,10 H-343 Fusayoshi
2 Y
3
o
g5
(Y8
3 4 5 6 7 8

Spikelet length {mm)

F1 H-545 x Fusayoshi

y n=334

[J Normal type

1 8 d-11 type

Fusayoshi

Frequency (%)

3 4 5 6 7 8
Spikelet length (mm)

Fig. 7. Frequency distributions of spikelet length in
F, populations of the crosses between Fusa-
yoshi and small grain lines (H-343 and H-
545).

i} TEE W EERLU: (Plate 3), i F, £
OWEMGEF, OfEE2E—F L, MEOMEE2E
eI AEEERETRLE (Fig.T), H-343xXE®H
OF, EHTR O — 2 83EHFE L, H-545 X B
OF, fHCR6Hor—2rsRHahniz, L,
EMOTRRENEE» Sd-11 IR TE, Thk
Bz, BIRH-33XEFOF, 4fficE L k
D, SO —2 %5 lzo—7, F, ERIOWIEOE

BILERENT, TEEETFOEARRES - 72,
X5z, H-343XEHD F, £ L D 72 (i % &
fERcHIE L, Fs BEEER L /2o EREANOHE
OFHHE L ERICHETE, s HBORMKECEL T,
F, ROBEFHEHEL 2. ThoORERIZZN
FREF, 2B THECKSEOE— 7 ZHIEL T
7> (Table 12), % I #£i3H-343 & RO I FH
EL9RF»SKD, BEFEIEI M M + +
LHEE RN, BIUHO 10 R IIHE ORI EHR
H-343 £ F, ot T, RHEATRERA (H-343
) o s R Rl (H-343 & F, oPEE) | dkim
(F. 8 213121 : 21 1 0HTHEL, F,R0HE
EFRIEM M Lk-f+H 5w Mi+ + +0D
Whh EEFEE Nz, B F, KAWHPE
THEEL 1R/, FHEEF, BETH L%
AT, LRROERIRCERZRL 225 Rt
BE TN, BERFOEGTEIE M Mi Lk-f
LE-f v+ + + +0OWThrThHD, BRORS
hie 28R EOF, ROBGETFHIIF, LRLL,
Mi +Lk-f +Ex%z o0l BVED 16 R 1IH
ROFEESF, & "B OFEcd Y, RENT
gl s BRI (F, & TEE, OFHER) [ E
B (CES E) 213181 2 2 0 1 OEETHEEL 2,
Uledd>C, F, ROBEFRE M + Lk-f Li-f
E+ + Lef to2BOWTFhbhFEIZohT,
BHBOEVEI "BE . BMoBRICEET % 11 %#
oY, BEFHIZ+ + Lk-f Le-f EHER
Nl MEORRLD, Mi &t Lek-f BIEEHLT
MR T 2 HRNCAEMEER L, 2 OEMMZER
L, MECFOIHET L LPNEZRTEEZ

Table 12. F, genotypes estimated from F; progeny tests in the cross H-343 X Fusayoshi

F, genotype F; phenotype Obs.

I Mi Mi + + Short (bred true) 9

II Mi Mi Lk-f + Intermediate short (segregating) 10
Mi+ + +

1)1 Mi Mi Lk-f Lk-f Middle (bred true) 1
+ 4+ o+ 4+

Mi + Lkf + Middle (segregating) 25

i) Mi + Lkf Lkf Intermediate long (segregating) 16

+ 4+  Lkf +
v + + Lkf LkSf Long (bred true) 11
Total 72
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Table 13. Linkage relationship detected between M: and Lk-f
Goodness of fit
Phenotype I I v v Total x? p
Obs. 10 26 16 11 72
Cal. (1:4:6:4:1) 4.50 18.00 27.00 18.00 4.50 72.00 17.70 <0.01
Cal. (R.C.V.=24.1%) 10.37 13.17 24.92 13.17 10.37 72.00 1.64 0.8-0.9

Table 14. Estimated genotypes of F; lines which were bred true around the middle spikelet
length of the both parents in the cross H-343 X Fusayoshi

Strain No. of Spikelet length Estimated

No. plants (Mean+S.D.) genotype
14 43 6.0710.11 + + + +
33 41 5.56+0.10 + 4+ + +
38 38 6.03£0.15 + 4+ + +
56 48 5.73+0.14 Mi Mi Lk-f Lkf

104 43 5.68+0.13 Mi Mi Lk-f Lkf

193 32 6.16+0.08 + + + +

¥ (VN BEFNIAER, 2785 (RHES 56, 104) €D

&L, Mi &Lk-f 2B i, F, TIE
IRLOBEVHCEZECGTEE1 1416 1 4.
1Dtz T 2 2 EMAREFa NS, UL, EE
WIREIREEVHMERIE R, RGENEL
BNVEEWED LR o7, £, FUHOBEERMIZ
IR L O REE T, BFEr6F LA b R o7,
22T, Mi ¥ Lk-f OFEHEREERL T, HAE
Wk 0 HEEf R ET S 5 &, IR T 24.1% O
B8 SNz, Fs RFOBREME TR & b #ifx
NAECHEESL, Mi L Le-f 3EHEEGREH -
7z (Table 13),

B 5T, Mi & Lk-f OFEFBEFRICOWTOBHRAE
hRAEERFEEE 2 EN» S F, £BYbCF &
EOMEELRLUIM0EEDTXTE2F, XL
LTBERL, RENONKOERE2TEL 2, L
Mi L Lk-f IRz H 5 7% 51F, F, D 294 A
HhrosFIBEOHNETEET 2 F, R4 36.75
RFEPERFTCE S, LL, ERICECREERMR
D 1R EESDTHL 6RETHY, ORI
TRTER D SRRICEIERERL, F, ROBE
FREM + Lek-f +rfEES I, ZOFEE®
58 Mi & Lk-f OFEFBEBRSHER I 2, B
SEL T 6 RICRERRERMEL, F, ERORAZ

Frequency
o

WTIER D> SRRICELERSAD Sh, BEF
BZ Mi Mi Lk-f Lk—f E#EI NI, D 4%
HOBEEARIODWTRAZERERBED ST, &
ZFEEZ+ + + +ri#EES N7 (Table 14),

(2) Mi B/ & d-2 (BRURM)

d-2 (REVEM) 3§k 4 wEREL, SHEERL
U eEMR T 529, Mi2H3 5H-343 & d
2RBETAH-T9OREF, ERcBWTHEELTZ
{BORRBMEHE L, Mi Xd-2 OEEER%®®

109 H-343 H-79
Y A
n=206
[d-2* type

d-2 type

6.5 (mm)

45 55 6.0

Spikelet length

.0

Fig.8. Frequency distribution of spikelet length in
F, population of the cross between H-343 and

H-79.
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Table 15. Mean spikelet length of four phenotypes which were segregated in F, population

of the cross H-343 X H-79

Phenotype Mi + Mi d-2 + + + d-2
Spikelet length 4.54+0.36Y 4.111+0.23 5.6710.32 4.761+0.23
(80)» (72) (100) (84)
Spikelet width 3.39+0.14 3.29+0.18 3.49+0.13 3.43+0.17
97) 94) (100) (98)
1) Mean* S.D. (mm), 2) Percentage to that of normal type (+ +).
L7z, Fo RER I D IERB L -2 BiCERIL ¢, F, RO EER F, Efz 75
WRCHET 2 8EM R 2 ER L 7z (Fig. 8), m#E (I) 4~5mm Mi M + +
ELEGNRERTH o120, Mi OB X3 & ) 4~7mm M M + ki
SEHAZWR2HESAE2R LI, FZTIEERTR HLWEM + + +
5.2mm, d-2 BiTid 4.5mm 28 M B EIEE {m 4~8mm M+ + ki

BeEXBLLZ2MEEL IZIZ3 1 1 OHICHESE
L7z REERFBOWE, WROVIIMHE L EHER
(+ F)2 100 L L2k EDFEHEEH L, Table 15
ERLlz. IEBREL TR KNERFR
B+ +>+ d-2 >Mi +>Mid-2x%Y, Mi
Bd-2 X DEREROEW EB8HL b Lk
1o ENMEBETHHET I LEER o2 L
5, WEET IMEMEREAER L Twiz,
WIBEL TRAEET 3R ERABNI B D
D, PPWMIHEEAL, WE L RCHENN %
HEFREZRLU.

(3) Ik-i IRATI13RHA) & M (F/IvkD)
IRATI3 ¥ Mi B3 5H-343 L ORHF, HE
OWERH-343 DR L V1 mm KB 5mm %
~L, WRIEIZRIROPRE L &> 7o F. £HO
MEQF, fHE2 -7 54mmb» 5 6mm iz
blzsER (AF) & F, & IRAT 13 OEFHED
Tmm 5 §mm KEZER (BE) O 2H s
AT R LT, A BEOMGEEIZ123:11 &
BYEEBEFCLE 15 1 0SB HEEL
DT, BEEOBEFRE+ + k-i k-1 LHEESH
Yoo BB WF, £M» S F\ERC T4EEEHEL
T, Fs D1 HHIZ D& 2~48 BEZER LTz, Fy
RENOPRERZRNRERC LI VFAEL TR
AL, BThdF, BROBEFEEROL I
HEL .

) 5mm {F TEZE M M ki lk-i
brwig+ + + +

(V) 5~8mm M+ ki ki
Hawix+ + + ki
) 7~8mm + + ki ki

SHOBESHEIPFLTCHE 11442
41 1IZi3iZEE L7 (Table16), =@ F, #ED
5 F, 14 AEROBEFHEEIL T, F, ONEHEE
SEEEER L7z (Fig.9), VIEERBR I~VEE
TREET IEIVS BEBHREA LR LT, —H,
PRS2 F, 0ZHIR, T, 0ExrY—7 7%
EEAFERY, Mi&lk-i OWE T 3/EE I
M EHEINT,

Table 16. Estimated F, genotypes and
the observed F; lines

Estimated No. of F; lines

Group F, genotype Obs. Exp.

I Mi M+ + 10 4.63

11 Mi Mi + ki 12 18.50
M+ + +

I M+ + ki 22 18.50

I\ Mi Mi ki i 7 9.25
+ 4+ o+ 4+

v M+ ki ki 17 18.50

+ + 4+ ki
VI + + ki ki 6 4.63
Total 74 74.00

Goodness of fit : Ratio (1:4:4:2:4:1), d.f.=5,
£2=10.27, p=0.05-0.10
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(%)

H-343 F,
Y

154

Frequency
—_
=

i

T
6.0
Spikelet length

IRAT 13
Y
IRAT 13 x H-343 n=74
F g M —
7.0 9.0
(mm)

Estimated genotype of F,

(1)
()
am I i
(W)
(V) 4 Mi
o)

Mi Mi
Mi Mi
+ lk-i
Mi Mi

+ o+
+ ki Mi+ + +
+ lkei ki o+ + o+ +

+ k=i lkei + o+ o+ ki

+ + ki ki

Fig.9. Frequency distribution of spikelet length in F, population of the cross between IRAT13 and H-343.

%) |11 . IRAT 13
15 ID-11 x IRAT 13
W n=296
[1d-11* type
EEd-11 type

Frequency
—
<

wl
1

40 50 6.0 7.0 80 9.0 10.0
Spikelet length (mm)

(%)] TRAT 13 x H-61

n=200 H-61 F, IRAT 13
151 Y Y Y
[3d-2* type
104 d-2 type

Frequency

§wm
4.0 5.0 6.0 7.0 8.0 9.0 10.0
Spikelet length (mm)

Fig.10. Frequency distributions of spikelet length in
F, populations of the crosses ID-11 x
IRATI13 and IRATI13 x H-61.

(4) lk-i ARATI3RAL) &d-11 (BHR28SEM)

ID-11XIRAT 13 @ F, BEOHE B X 0 FiE ik
O BEMEL 9V ET IRAT 1350 &L 72,
F, SHoWEcE 3T 28E 57 (Fig. 10) 1%, ZA
CEORANUL-EERABLUI-11BOFhFhI
DWT, k-i DAL 2EBEOY -7 26T 5
BEREBRL, FZCEER TR 7.4mm, d-11
BT 6.0 mm REIC k-1 B ¥ k-t BN, d-
1T R-i DS E T ABORBER AL
Tz ENTHOHE L WRBOFHEL L CIEEH S
100 L L7k 301 (%) %KD T Table 17 iz
Lo HRZEL TR+ ki >+ +>d-11
lk-i>d-11 +OMEER YD, d-111% k-1 L5#HE
(ERFE) AR 2 fEOERNEE L, MEEFOFE
ETTRERBE LD -1%DWERR LY, L
230 T, WG IR UAEIRZER L Tw
Voo ET-REBEF OB T A2 ER B/ w L
= (R

(5) -i (IRAT13Eh) L d-2 (RUEH)

IRAT 13xH-61 O F, kO E B & Uik
EIZTEOPEES T L 7. F, EHOHREIET 2
AR (Fig. 10) 3, BRI DB L ERES
Td-2 MOEBEDZNLETRE DV Tik-i D&
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Table 17. Mean spikelet length and width of four phenotypes which were segregated in F, population of the

cross ID-11 X IRATI13

Phenotype N d-11 + + lk-i d-11 Ik

. 6.97+0.27Y 5.27+0.38 7.751+0.34 6.20-+0.22
Spikelet length (100)? (76) (111) (89)

. . 3.70+0.15 3.57+0.18 3.74+0.18 3.70+0.21
Spikelet width (100) (96) (101) (100)

1) Mean + SD. (mm),2) Percentage to that of normal type (+ +).

Table 18. Mean spikelet length and width of four phenotypes which were segregated in F, population of the

cross IRAT13 X H-61

Phenotype + 4 + d-2 lki + tki d-2
. 7.54+0.29Y 6.60+0.90 8.60+0.29 7.44+0.55
kel
Spikelet length (100)? (89) (114) 99)
. . 3.73£0.35 3.58+0.29 3.71+0.25 3.63+0.64
kel
Spikelet width (100) (96) 99) 97

1) Mean + S.D. (mm),2) Percentage to that of normal type (+ +).

BeEO{HEO— 2 2EF T2 ERER R RL
Joo F 2 TEEETIZS.3mm, d-2 B TIX 7.0 mm
BB -+ i BI~BT, d-2 L k-1 WHD
ABOERBEACER Lz, 2R FhOWE « WIE
OYHEEEER % 100 & Uiz k 20K (%) %
K& C Table 1812 R L 72, HEWEL TiX k-
i +>4 +=lk-id-2>+ d-20MEEED,d-2
- PR L CEAAEAT 2500, 1
ARFRELL, MEETOEEFCIRIERE
BIZELWHREERLU, Lo T, B#ETE
RS U THIMNCER 5 Z LR a iz, %
7o, Uig e U TR EF ORI/ o T,

4. lhs~1 (FEILFERIR) ERAVARATEORBHR
lhs-1 (LB XASELEREL, #82
TP R D, ZHUHICZHKIZYIFENIE 21T - FhF
EABEHOEBREZIT AT TS LELTL
WV, ZITREHKREKOKESOERZARLEN
T, ELEARRRE (H-726, H-1020) 2AEH
WA BORHERAGSE R LU, RERIIZ TL
B, L TEE, oM, BETES M Lk-f
DOFH (No.104) vz,

TRCOFHETF, BAEREERN2RL, §F. &
iz Tidihs-1 O BECE T &, IEFR & lhs-1

BE3 . 10cECKF, EHOEEEICBIT 2
HESEES L, H-726X LB» D 0S¥ TIRIE
HaAm, H-726 X EE B & TH-1020 X EF OfE&¥
TR Lek-f O8I < 2 HS3 4, No.l04xH-
726 DHGE T Mi L Lk—f OB X I8 W
ERERLUT, £72, Ihs-1 HOWREEEROEIZ
2L o7b DD, FORRBEZFNTLOERR
WHBITBERLEML, Mi b3 vidle-f OER%
RIEEBRED Nz, THKRIEODWTIE, EFH
TS L EHEOHRICHIRENIERTH S
2, FR L T lhs-1 BT No.104 X H-726 O#
EHRBWT, SRAEGBSC > Do dbOD,
ZOMOMEERTREEN L IZIZELRLERETL
7z (Fig. 11, Plated), &5, &, F, EHOPE
ETRFRRDWTHBEGRR R L 2 2, &G
BUEBOTEERTIEr=0.95 282 2 5l %2R
U, lhs-1BTRBEFRIZHERTR > Bro/b D
D, BEZECHESED >z (Fig.12), Lk
Do T, lhs-1BOEKREW IINE L LB LERET
FOBEWRE SN, MiBLULE-f dihs-18O
PRTRUEAO L, TRECHHLEEMEALT
WEZEBHEMER ST,
No.104xH-726 D F, ERDIEHR TIX Mi i X
3 LEZ SN BEREET T Uk B3F8E LT,



166

IEEREEPEA AR H19E BT

—%, ths-1 BTk, e l{EY, EF

Rz B SN2 EHNOIKOELE L R o T2,
H-1020xB&E D F, EEC 28U 72 lhs-1

WTFREZTY, F, ROBERFREZHEL &

23, Lk-f Lk-f ! Lk-f +: + +OSBEHIZIZ

Mo

H-1020 x Fusayoshi

(%) Fusayoshi n=140
20 H-1020
Fy Y 20
Y
>
2
né_ 10 M lhs type 10
QL
b
O X I ‘ 11 lhlm_l._ 0
4 8 12 16 20(mm) ¥ 3
No.104 x H-72
No.104 ¢ X n_—_log
(%) YF H-726
20 Y ! 20 No.104 F;
Y
>y
(S}
= M ihs type
3 10 Elnotched grain 10
e
.
0

12
Spikelet length

16

20 (mm)o 3 4

12 1I#E Uik (Fig. 13), SEETFRON

F1
\
H-1020
Y F%sayoshi

H-726
i

8 (mm)

Grain length

Fig. 11. Frequency distribution of spikelet length and grain length in F, populations of the crosses H-1020 x

Fusayoshi and No.104 x H-726.

H-1020 x Fusayoshi

No.104 x H-726

(mm) n=140 n=103
9 1hst type lhs type 87 1hst type lhs type
r=0.967 r=0.618 r=0.978 r=0.722
= 81 S 7* o © 45 0©
g o [ 2o
UCJ 71 N 61 g 00 %Qq:? o
— ° % Q, o
= i o oc' o
,E 61 ' §g, @ng 51 g © %
IT] ® °
51 N 41 @
4 . . . Y 3 . . ’ S
0 5 10 15 20 25(mm)°0 5 10 15 20

Spikelet length

Fig.12. Correlations between spikelet length and grain length in F, populations of the crosses H-1020 x

Fusayoshi and No.104 x H-726.
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H-1020 x Fusayashi

(mn) F, (1hs) n=24

= 81 erk-f Lk-f

=) oLk-f +

S74 & + + @

— L J
@ o®

[ (o]

= 61 o o & o

& 4" o O

5 R 4
10 15 20 (mm)

Spikelet length

Fig.13. Correlation between spikelet length and
grain length of /ks-1 type in F, population
of the cross H-1020 x Fusayoshi.

EBLUXKEOFEHERIET S L, + il
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S ELT 5 720
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HERA) & ABEOTRE2EREETFIESE L Twis,
INET, 1 ADAABREROFCHERLET
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ANLHBHERELBW I EBHE IR T3,
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Db 6 BHBLE-f ER—EBORTLEERET %
B3 ®2WEsMcLTEY, L-f BRERY
BZLBWHRERS 5,

N-173 iLBEEHRE RN TLE»D ) LRE—DXER
BECTFRELEZSNS, £ ZTN-173 OER#

EFoEAER2 TUB»D, LHBLEEZS, W
EYPYHER 1.2~1.3FL T34, SWmEAL L
TREYPHEELHBER Y, FlzBL 37, 20
&3 nBETERRLE-f ORBRBREO L2 —K
T 5,
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T2 ER 5T, BRI L THARE
Ve 5 Mi & Lk-f & O & EHEBHRSRD &
N2 & IBEREE Y, 77, Atk 3 OESEHSTC
Hui F, EMicBWT, 720E (d) b5 vitElL
B (hs-1) OEEIZ T R THETHERL 72,
IDZEDS dBECihs-1 BSEROFE MG
T35, H3VWEMEERT EEEET ORI WE
SEENH B EEZ SN, ERAEOKMNZET
L7BRETHY, MBI NAEIER L ER
RET, CRESFELHALRETHELEZLIT
WBI, UTetSo T, FORKERTH B dl 5
PGS ARERIRE VY, T, BOERR (hs-1)
BENNSERIE bR AT 4 7ERETDH
D3, TEOFELIME X dgEkSE LR,

IRAT13OER W ikLE-f L B 2 lk-i DEE
LTWaZ NSRSz, £, lk-i 3R
PR SEER 2E ST, L-f 0BG TE
AridBHsMcE R Z RSN, £, HiH
ST ORER, k-1 13Hetafk 4 £T, Ph—Pr—Ilk-i ©
JEZMIB L Tvatz, X512, IRAT13XA-58 D F,
THEED S O NTIEREEFERAWT, F, £H%2E
MR HHRN 2450, FRFROHEOFSE
DWTtREERA L T3, k-1 & OEHE/N
SVBEFETHZIFEREZ LEDE SN, BH
I OFERELEMNICKFF LIz, 2O XD iFHE
5F & ENE OB ERHBEBEGR OfFT idfhe 2
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%% (RFLP) v —4—& LT, BENFEDOREETF
JEDIHNC E TE S Tur 34040,

IRAT 13 O s iitiEg e i B
2%, £z, IRAT 13 ORI I3 k-1 Otz FERE
EFHEELTVwR eFEz oh, REBRROWEE
BULERI & o Tz, k-1 DS 5 R EE T
BEBITT 3 - R¥EEEED TR OER
BRETH B,

xiz, BEK (R itb 3 &ETEOMERR
2RI L T, BRBETE L L (BERR) &
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lk-i (IRAT 13 &H1), BALRET L LT Mi (/0
$r), d-2 (RRUEM), d-17 (Btk28 SREN) %
BT, BR X BRI (LE-f X lk-i), B X ks (Lk-
FXMi, Lk-f X Mi+d-11, lk-i X Mi, lk-iX d-2,
l-ixXd-11), BRI XER (MiXd-2) OBHH
BEEERL, BRCBT 2RAROEREHE L /2.
BA RO #» & TR 2 LE 5 Bk,
HRELOR#E» SWERAF L D EROMHEEE
Tzo iz, RELENOWEET2HEFF>HEET
X, MBEFOERAIZIZEL B ILEET
PERER SN, B L TREZERH L2 -
7zo UL, BIEFOEANCESD ZHEWIIME
BHOESHORBR TS Wiz, Mi & Le-f DR
HAREE o TR (F, &) FEET 2 2 2 &K
L, WRERMCL Y 2BOBETE (Mi Mi Lk-
f LEfH230vi+ + + +) 2HBAILI, b
ORI, SEHAL GEEFRIC PR L
T hAE2 2 <, BWIZHEINER2E T2 L
BHLPER ST, ZOBREHRCHD 2 BETE
HAGhE 3 ENAEEREIKT 5 2 LOSaREL %2
%,

lhs-1 FELFETIGRET) 2 ET 3R HER VT
F, B RER L, e HRDOAE SDOBKREHEEL
Feo Mi %% U Lk-f lhs-1 BB T bTEHE &
ERCERL, 8 ) ORISR Twiz, 8
W& B HENE R T POk L B kO R S 1
ST D 205, HBAOBEGETFRICL DXES
h, F, 8 Cidr=0.6—0.8 DEOMHBEERT Z &
BREZINTWE?, ZEBOF, £EMicBI 580
R XAROBRE, ERATIRr=0.95UL0%
WIEOHEE T L, hs-1BTHEERM LD P>
BV 00, FERIEOHBSRED iz, Lizdio
T, s-1BD X5 L 2 HH2Z U RVES
DEHKECD MiLe-f PS5 T2 2 L 8bho
Too LKW DWTIE, Mi X LE-f DIEERRSh
T, F. EHCRIERR L RIBOR > hs-1 B %81
S T2, YIBAE BT e LR IBES 21
L, BERUCTRIME 22T 20529, hs-1 BT Y]
BXKEABLBOBIBRD shl, RE™ I3
Mi 283 2RI OVIELEERD 5, M 13
RE2EEs 28 33kEARoR & RERL 20k
D, MWEZKDT NV AREL, L UK OF
ETBIERMELI, hs-1 2BV RERTYH
FRROBRBE S Mz, BEERRR (hs-1) BEE

DTERXERZEOFHEES DD, YIELEE
FIR, EHEROBEEEZRT D EEL SN,
%7, WORHEZTEWEKEIEIL Bn) HEOD
BEFHEZRTIELS, AEREFEARSEER
ThiZ, FeLBEEETFO Mi RLk-f © Dosage
effect bRRHIS N I D,

., $SF>LERHE
&

o

A ROHT oM FEEICEET 2 BRI BRmE
TH 5o 6% { ORI N A
WMESTONT &, 17, DT OREBEOE
PRISVERNPETH Y, MEEEFIEOSHS
BENL OO, EERETICIRS L5 BRERE
BHmEINTWS, Thbb, S 2858 mL,
ERTHM S EIER R ST OB CUITHRB L
0B, d-3, d-4, d-5 OEEERET, d-10,
d-14, d-17(t), d-27 B L 1Ud-33 DEBEMBME
BEFOBEST 2HESH SN TWEY), —F, &
TFOBOBPT2EEE L UTIER - L2 ik
D ER S W EMSEET IR & 2050 >
BB, FLOFRERMED 120, HEZOER
BRIFRE SR TWLRY,

4 20T oM BT B EBFRTE S L8ITH
LTBY, Yamada ef al, I IEHHEAARB 2TV,
TEEHEMHCERT 24 —F ¥ > (NAA) kL 0 40F
SEDBEA L, PitA—F 2 (TIBA) X h 3>
WO 3 Z LB ME LT, 27, FERMICS
O350 0F0RE LA —F U RB L ORIz 135
BaEEN D2 I ENREENRTWEY, & 517, &
BENTEoHERL, ST OBERT A b On,
MOEEELFTHD b it OoO0TRA—-F¥ oD
MEMETH2L-b) 77 AR EHE T2
Zrizkb, GOREMEREDLYE, Tbon, 2 RE
THIEBHEESN TS,

RETR, FreRE LR ABOLR T OEREK
oW, WERHABT 2 LERCBETHM, S
EREB L BT ETo 7, 20K, DRFD
EREOMSRET L EHOSBERET, Zoftid
FEHBEFELU TN, la L OEOHEEERI
DLTKRFE1T> 20
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MHEIUHE

BEE U 7o 43070 R & BRE R &K % Table 19 12
IRUTz, 4BOF LA ST ORMD S 5N-133 1%
A-5 (RE) AT v — BB L BRicgRsnlk
EREHERTH SO, N-14 Z&E "LEsrD ) D
EMS MBHARCHERINL-EREE» S, N-1715 8
L UN-176 X 2 h 2 WBE R O H F, BikD
g L 0 Of5 b EE (AC-34, AC-15) ~A ¥

Table 19. List of experimental lines used
a. Reduced culm number types

Strain Original strain Mutagen
N-133 A-5 Akamuro Gamma-ray
N-174 Shiokari EMS

N-176 AC-15*(H-59 X H-120) Gamma-ray
N-175 AC-34*(A-5 X H-69) do.

* Produced by anther cultrue of F, plants.

b. Linkage testers

Strain Marker genes

Shiokari Ad

A-5 Akamuro C#, A, Pr, Rc, Rd, I-Bf*
A-32 Furen bozu Ur-1

A-58 Kokushokuto-2 CEB, A, Ph, Pn, Pr, wx
A-133 Norin 9 go

H-61 C® A, P*, Pn,d2,I1Bf*

H-69 C, nl-1, fs-1

H-79 d-2, be-1, lg, la

H-85 d-2, Ur-1

H-86 d-1, Ur-1

H-140 d-1, ri, bl-1, fs-1

H-143 st-2, gh-1

H-151 C8, A, Pl*, Hl-a, HIl-b,
P

H-358 C®, A, Pr, la, gl-1, d-2

H-489 : Cl, ri

H-491 7

H-726 ths-1, Pl

ID-10(B,) d-10

ID-14(B,o) d-14

ID-17(Bs) d-17(t)

ID-27(B,) d-27

ID-35(B,,) d-35

N-70 d-10

N-140 d-3, d4, d-5

< — iR ERBIRE L 2 BRRICER S Wi RRER
i, TheThHEL TR 5,

WHERE:

LBOVHTORMB LU ENFNOERMEE 5
A EANcIbRBHRRENEEL, -1y
ATEE Lz, EXFOEER L SRFGTCORER
HET 30, KRR E L TKEEER, &k
FEELTEZ— Y ARBERE2HREL, 6 AL
Azhzh 18 1 EFREL TBEL <, HITOR
BEE AT 2, 727PL, ES— AT ANTIE2
Uy bRy MBEL Tz, EREBZRFROSE
o REEL, 1 RIE4BEECOHTHEEZD 9
Bz, BESIUVHERERHEL 2, & 512,
N-133 & FEHRHDOA-5 12D T ld A H & T
ERMEEELEEZC, WAOEHEHRE L 7, FE
KOECE ikl t BEEE Y L RAFEL,
HE2RAFLT 2 2EIRECHERXEE Lz, B
B e U TERR, FIEX, SEXO 3 &M
2R, EEERZEN,P,K 2ZNhFNn7.2,7.2,
4.5kg/10 a, EERZZOEEZENE LTS5 2
Too HRAEZE I3 15X 30 cm DAEHEX £ 7.5%X30cm
DERER D 2 /KHEE U7z, KT 156 kD
3FiEz & LT, ABFI2BRWIz4BECOWTE
HRER{T-> 72,

BIZF R -

4 BOY T ORI L BRERK & O T Table
20 R L 12 RHER T To FNTHNOEFKZ >V
WRHBRE DT, WEHRELARCEE 8
1T, 6 B At KB E RS O KRk
N1ER 1 AR 2 TRIEL 72. 722 LBREDRRESRH
2ED ABOTEHEES IOV TIIAKBETEAR
BB OEBUKENCHIE L 12, R RIETHREY,
HEZD 9 A LA s 10 ATHRER S L cBE
FEET o1, 72/~ VRIBIZDWTIE, INHEE
BEEBCOEI0RORKE 1.5%7 =/ —VIER
1224 FFRETAE L CREEREAOB R BIEL
720 2B, MBMHOBEH 1T ALLARD®® OBLEE:
w7z,
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Table

20. List of cross combinations used

Cross combination

Cross combination

N-133 X A-5 N-176 X Shiokari
do. X A-32 do. X A-5
do. X A-58 do. X A-58
do. X H-85 do. X H-69
do. X H-126 do. X H-79
do. X N-70 do. X H-151
do. X N-140 do. X H-489
N-176 X N-133 do. X H-726
N-175 X do. do. X N-175
N-174 X do. do. X ID-27
do. X A-58 ID-10 X N-176
do. X A-133 ID-14 X do.
do. X N-176 ID-17 X do.
do. X N-175 ID-27 X do.
do. X H-79 H-358 X do.
N-176 X N-174 N-175 x A-58
H-358 X do. do. x H-69
H-491 X do. do. X H-86
ID-10 X do. do. X H-143
ID-14 X do. do. X H-151
ID-17 X do. do. X H-359
ID-27 X do. do. X H-489
IRATI13 X do. do. X ID-10
do. X ID-14
ID-27 X N-175
Table 21. Character expression of the four mutants
and original lines under two conditions
Paddy field Plastic house
Strain
CcLv PN? CL PN
A5 75.4 84 79.2 9.6
N-133 36.2** 2.3** 734 10.0
Shiokari 72.1 15.6 66.8 13.8
N-174 61.8 6.7**  67.1 9.8**
AC-15 99.2 11.8 88.3 44
N-176 55.2*%* 1.9** 832 4.0
AC-34 95.6 25.4 78.2 8.1
N-175 66.0** 1.7**  86.6** 7.0

1) Culm length (cm), 2) Panicle number.
** Significantly different from the original line at
the 19 level.

B 2

1. PRFSEREORIZF I

(1) HEEERERZYE

ABODHTORBE 2o DIERB RO
HEKERR (BRX) ZofE=—MhT AN
TORy Mg (BEX) 02 BERETHELE
(Table 21),

N-133 HMERR CEE RS> L @R, St
AU7c» (Plate 5), MERERXRTRERH LSO
EERRLT, N-174 OS2 T DM IZER K ON-
133 IELEE TR »o 70, MRERE L IZER
MIHARTOFTF o> B2y, BRIZOW
TRERFECEEZBHD Shitd o7, N-176
BB X TRERFICLREE L LS & 5R,
ERERLL. Ldl, BRRCEERKESIZIZE
B2EBFERL, BELERCOVWIAEEZRED
shizdnolz, 7212L, Ry MEREHZ & D IEEHERE
Eahicld, MREOERIZ4FERICEYE-
720 N-175 iHMERK CIRERMIC L EE LD 5T
DEARERLIOZNL, BERTREBTIEE
LT, S0 TRERRELBEEZSED ST,
BRIDLAFERF LD BR ko7,

BED X > i 4BOAOFTORMKE T RIVERE
WERBH SN, FCRERTGIZKE 2B
doh, UTO2HeAHETE R, $4bb, KR
X THEE I 2 WEDEENSB ML L THST
DEERTE, BEXTREFTORE T 5 EERZ
Hods3iF o8 (N-133, N-176, N-175) &, 1GFEE
KBNS S EROBA LS 3BE 0 E b a
V, BERZEDO/NSWAHFIT OB (N-174) TH 5,

N-133 £ ERHARE (A-5) ORBE £ /KHEED
B, BERHEEOSRMGT CHE L 2 (Table
22), N-133 Off 1 2T, HE L ST oBM
%h, BR, SEHE, B8R, 1EEEHRETRT
A-5 X D/NEREERTR LUK, 12721, N-133 OfEF
BMEERT, A5LIZEAYEDLS o,
REOEBE R ODWTEREFH LTI 2, N-
133 1IZA-5 WBERT, BE, BE, 1HE#EEKc>»
TOEERKE L, KENOBHEEZ BRI
ETHELVWEBEBES R, LHL, N-133 0
WMThHBHHTOEEDbL T, BTREREICAS
LERBETH- 2,

ARBEET TREE CREEE 2E 2 1880
N-133 L A-5 DR LEROE 2 HF/EL 72 (Fig.
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Table 22, Comparison of ten characters between

A-5 Akamuro and the mutant line, N-133,

under paddy field condition

Line
Character —_—
A-5 N-133

Plant height (cm) 86.4 21.6 (25)*
Panicle number per plant 55 1.0 (18)
Panicle length (cm) 196 5.7 (29)
Culm length (cm) 65.6 15.9 (24)
Ist internode length (cm) 316 9.5 (30)
2nd do. 171 33 (19
3rd do. 134 2.7 (20)
4th do. 43 06 (14)
No. of spikelets per panicle 1044 65 (6)
Seed fertility(%) 88.7 92.0 (103)

* Percentage to the normal line, A-5.

(cn

80,

60)

40

Plant height
Panicle number
N

20

S —— [ —
none standard double none standard double

Fertilizer level Fertilizer level

Fig. 14. Effects of fertilizer and plant density in A-5
and N-133 under paddy field condition.
Note. ® A5 —— Standard planting
O N-133 ------ Dense planting

14), BB L CTIEN-133 2R IR T K
GL, EEXTREEERON 2 5102 L T, Bl
ZDOWTIRA-5 O IEREKEE D & REEE I
I BEEBEETH oo AWM OKER» S,
B & bRk, ErbkEE, REFECHELTER
L% o7 (Table 23), LA L, N-133 Off#s A-
5 OEFICBIL Tidfk, B E OLBEE LN
&L, WERHBREEL Twi,

(2) BETH

DT ORME (N-133, N-174, N-176 B8 & U'N-
175) £ S BL CREEROERK B & %
ERREOTETF, BRI T RTCEEROSZ T &
Kot F EHI TR T RTCOTHEHASEITBLTSH
FoBDEESGI 2IESGERL, EER 24
FoROA RS 3 ¢ 1128 E& L7 (Table24), L
7o T, HEHRTORMEBNAKHTRT DA/ oM
i, FhZhnBfEEgETFSEE L Tnl, &
7oy Fy £ L 13T OB F T h OBD
DT OBRNCEERILTEY, N-133 25 EHET5%R
MHEESEDF, EHAT IR EERD ST O BMME
fh%ESEEL, N-176 5 5 WLWIikN-175 2 & F, £H
AL T oMy s B2 > Tz, N-
14 280X ETF, ERCAB L 22T B3
WOBIFOT, BREDWTIHIEEM X KEN L
no Tz,

(3) AT oBETFONIIERE
LBOVRTORMOBE T 2T oRBETFHT
SR ERITo 720 ABOLDTORBEEH WIT
ML 6 HATDOF, BRI T N TREER %R
LizZ s, ABOAFTHOBICIZZNThEED

Table 23. Analysis of variance for plant height and panicle number per plant under paddy field condition

Source of F-value
variance d.f. Plant height Panicle number
A: Strain 1 1301.76** 1109.76**
B: Fertilizer 2 103.33** 62.99**
C: Density of planting 1 11.32* 21.46**
AXB 2 10.13* 30.48**
A XxXC 1 <1 12.40*
B xC 2 2.12 12.99*
AXBXC 1 <1 7.20*

*** Significant at the 5% and 19 levels, respectively.



172 JLERER B RE F19% H25

Table 24. F, segregations in the 20 crosses between the four reduced
culm number types and normal testers

Cross F, segregation Goodness of fit
combination Normal ren* Total x43:1) p
N-133 X A-5 Obs. 58 20 78 0.02 0.80-0.90

do. X A-32 do. 207 63 270 0.40 0.50-0.60
do. X A-58 do. 135 33 168 2.57 0.10-0.20
Total do. 400 116 516 1.75 0.10-0.20
N-174 X A-58 do. 350 117 467 0.00 >0.95
do. X A-133 do. 97 37 134 0.49 0.40-0.50
H-491 X N-174 do. 181 64 245 0.16 0.60-0.70
Total do. 628 218 846 0.27 0.60-0.70
N-176 X Shiokari do. 273 89 362 0.03 0.80-0.90
do. X A-5 do. 266 75 341 1.64 0.10-0.20
do. X A-58 do. 277 85 362 0.45 0.50-0.60
do. X H-69 do. 154 53 207 0.04 0.80-0.90
do. X H-151 do. 136 47 183 0.05 0.80-0.90
do. X H-489 do. 120 45 165 0.45 0.50-0.60
do. X H-726 do. 87 31 118 0.10 0.70-0.80
Total do. 1313 425 1738 0.28 0.50-0.60
N-175 X A-58 do. 69 14 83 2.93 0.05-0.10
do. X H-69 do. 102 23 125 2.90 0.05-0.10
do. X H-86 do. 97 32 129 0.00 >0.95
do. X H-143 do. 60 20 80 0.00 >0.95
do. X H-151 do. 60 16 76 0.63 0.40-0.50
do. X H-359 do. 92 23 115 1.53 0.20-0.30
do. X H-489 do. 108 26 134 2.24 0.10-0.20
Total do. 588 154 742 7.13 0.05-0.01

* Reduced culm number type.

Table 25. F, segregations of the reduced culm number in the five
crosses between different types of reduced culm number

Cross F, F, segregation Goodness of fit

combination phenotype Normal ren* Total x2(9:7) p
N-176 X N-133 Normal Obs. 86 62 148 0.21 0.60-0.70
N-175 X N-133 Normal  Obs. 40 28 63 0.18 0.60-0.70
N-174 X N-176 Normal Obs. 182 132 314 0.37 0.50-0.60
N-174 X N-175 Normal Obs. 48 33 81 0.30 0.50-0.60
N-176 X N-175 Normal Obs. 88 59 147 0.78 0.30-0.40

* Reduced culm number type.

225 EEETFIEE L TwB EFEZ 5Tz, &
5, FF, EZEHCB 280> B0ER» ALk,
WTNOHER TLEEED S PH T DRI E 338
FEERPRL, N-176 X N-133, N-175XN-173, N-

174X N-176, N-174X N-175 $ & !N-176 X N-175
DGR TRERE (50 >8% 9 1 70thicdE
U, 2HFLELBRED SN/ (Table25), %72, F,
HHTCERLE T—5 DESEH» o N-174X N-
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133 DA DOftf, N-175XN-133, N-174X N-176
BLUN-176 XN-175 D 4 #HE R DWW T ik, F, £
HAIc 3B L 7o IEE R D & S E A1 30~40 Bk %2
HitH L, & F, R D & 50 @A 2ER L T, Fs
BRE%21To 720 Fs RN T O D53 DB D 53 Bk
R I D, ERBEERE, 2o207 o8 1 ATH
B 2R, 2RTOMET 2 %MD 3Bz oET
T, F; ORFLE 2RFOSBIC X 285 (1 ¢

212145301 14 4) S L7 (Table
26), LEDER LY, 4BOLH T OBEF M
UMRTHIZ I EBHEhER 5T, 2T, N-
133, N-174, N-176 8 X ) N-1T5 B8 F ¥ 3 4 5
FoBGETRNLT, 2hFhrn-1, ren-2,
ren-3 BL Vren-4(t) % 5BETEHER2E525 2
EEs 5,

Rz, BV ORETFHOBRWERZEEL
Joo N-133 R HF#E & L RHEMAY (N-174XN-
133, N-176XN-133, N-175XN-133) D% 2
HFoBoRERZ, EFEA I N-133 Lt B3840
D3O IN-133 AR T oHFIXY 13 40
HiBE L, 2ELHEAMKIEIN-133 BA2 ok
RUCERBZRTLOLEEINT, LT,

AHESEET BV Tidren-1 Hren-2, ren-3 &
Uren-4(t) 1 U CLEMEERT Z LR &z,
N-174XN-176 B & U'N-176 X N-175 @ F; R D
56 2RTOMERTRETIE, WHAKLID A
DT O BEPEE LR 2ESUB LHEFEANS
EEHIEL, 9 1 3 1 3 ¢ 1 0O58hcES L2,
L7zdS5 T, ren-2 Eren-3 BL Cren-3 L ren-4
t) RAhkELKETCRZETHENMCERL, 284
OB TFE CREDEOEFTR L VIS, 4
SFD, BENEEL T,

4) EHEHST

N-133X A-58 (BEfED ) O F, EEIC B CE
BT 21T - 7R, N-133 DE T 3 ren-1 1346
6 wcBET S C EEREER) LOMIZ 32.2%
(FBBD), wx (FRELEM) & Oz 39.8% (FAR) @
B SEH s 7z (Table27), %8, C & wx i
22.8% DEHME T DEESWE SN TV B0, K
BRI BWTH 19. 4% 0HBHNEB I Wiz, 2 7z,
N-133XH-69 D& Sren-1 L -1 (T DS
-1) DRz 27.5% (HHR) OMfErEH I,
PAEDOER S ven-1 13 R0E 6 ITHEEL, wx—

Table 26. Segregations of the reduced culm number in F; lines derived from the normal plants in F,
populations of the crosses N-174 X N-133, N-175 X N-133, N-174 X N-176 and N-176 X N-175

a. N-174 X N-133

c. N-174 X N-176

Estimated Phenotype in F; lines  No. of F; lines

genotype (F;)  Normal Reduced culm no. Obs. Exp.

Phenotype in F; lines No. of Fy lines

N-174 N-176 Double
1 type type recessive Obs. Exp.

Estimated

genotype (F,) Norma

++ + + 1(fixed) 8 4.56
+ ren-1+ + 3 1
19 1822
+ + + ren-2 3 1
+ ren-1+ ven-2 9 7 14 18.22
Total 41 41.00

++ 4+ 4+ 1(fixed) 3 31
+ ren-2+ + 3 1 6 6.22
++ +rn3 3 1 7 622
+ ren-2+ ren-3 9 3 3 1 12 1245

Total 28 28.00

Goodness of fit : x2(1:4:4)=3.61, p=0.1-0.2.

b. N-175 X N-133

Goodness of fit : x%1:2:2:4)=0.14, p=0.90-0.95.

d. N-176 X N-175

Estimated Phenotype in F; lines No. of Fy lines

Normal N-133 type N-175 type Obs. Exp.

genotype (F,)

Estimated Phenotype in F; lines No. of F, lines

N-176 N-175 Double
1 type type recessive Obs.  Exp.

genotype (F,) Norma

+ + 1{fixed) 3 3.33
+ ren-1+ + 3 1 9 6.67
+ 4+ 4 ren4(t) 3 1 5 6.67
+ ren-1 + ren-4(t) 9 4 3 13 13.33

Total 30 30.00

++ 4+ + 1fixed) 5 3330
+ ren-3+ + 3 1
11 13.335
+ + +oren4lt) 3 1
+ ren-3+ rendt) 9 3 3 1 14 13.335
Total 30 30.000

Goodness of fit : x%(1:2:2:4)=1.27, p=0.7-0.8.

Goodness of fit : x%(1:4:4)=1.28, p=0.5-0.6.
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Table 27. Combined segregations between rcn-I and linkage markers on the chromosome 6

Gepe Linkage R.C.V. F, segregation Goodness of fit
pair A a
A:B phase (%) B b B b Total Ratio g2 p
C:ren-1 Obs. 111 18 24 15 168 9:3:3:1  12.38 <0.01
Coup. 322%45 Cal. 103.31 22.69 2269 19.31 168.00 2.58 0.40-0.50
wx:ven-1 Obs. 89 46 26 7 168 9:3:3:1 9.12 .025-0.05
Rep. 39.8+6.4 Cal. 9064 35.36 3536 6.64 168.00 5.73  0.10-0.20
C:wx Obs. 78 51 37 2 168 9:3:3:1 22.79 <0.001
Rep. 19.4+74 Cal. 8558 40.42 4042 158 168.00 3.84 0.20-0.30
ren-1./5-1 Obs. 31 18 8 1 58 9:3:3:1 7.41 0.05-0.10
Rep. 275+12.0 Cal. 30.10 12.40 1240 1.10 58.00 3.79 0.20-0.30

i; 39.8 N . 432 »

19.4 —+— 322 —sh— 275 —»{ ’ 332 ,
[l ]

. e 315 ——

L
¥

wx c ren-1 fs-1 — ;gg — 194 —>le— 413 —»

Fig.15. Linkage map of the chromosome 6, showing : : ; -

1
the loci of wx, C, ren-1 and fs-1. Ph Pr rcn-2 Ik-i

Fig.16. Linkage map of the chromosome 4, showing
C—ren-1—fs-1 % 201 EBMRICH 5 (Fig. 15). the loci of Ph, Pr, ren-2 and lk-i.

N-174X A-58 O F, Bz 817 2 EEM» 5,
N-174 DE T 2 ren-2 L 30K 4 CHHET 2 Pr 2, ren-2 LB 2ETYAKR 4 ORI RS Hi
(EeHEER) BLXU P (7= /—VEIE) LOM UJzlk-i (IRAT 13 5hr) & ORIz 41.3% (HHR)
ENEN19.4% (HH31) B XU 31.5% (FHED) @ DB EH SNz, Lizdio T, ren-2 3§
Ml S BB S 7> (Table 28), %7z, Pr & Phik R 4 1B, Ph—Pr—ren-2—lk-i 72 5B RIR
22 4% OB T OHEENME S W TV 549, &K iwH s (Fig.16),
BHWX BT 23 2% Dl nEH sz, &5 N-176 8 L UN-175 ~NRERH 2 RHL 12 F, &

Table 28. Combined segregations between »cx-2 and linkage markers on the chromosome 4

Ger.1e Linkage R.C.V. F, segregation Goodness of fit
pair A a
A:B phase (%) B b B b Total Ratio x2 p
Priven-2 Obs. 233 31 31 58 353 9:3:3:1 101.92 <0.01
Coup. 19.4+16 Cal. 233.87 30.88 30.88 57.37 353.00 0.01 >099
Ph:ven-2 Obs. 286 61 64 56 467 9:3:3:1  41.09 <0.01
Coup. 31.5+1.8 Cal. 288.28 61.97 61.97 54.78 467.00 0.13 0.98-0.99
Pr:Ph Obs. 227 37 36 53 353 9:3:3:1 7411 <0.01
Coup. 23.3%+1.8 Cal. 22848 36.27 36.27 51.98 353.00 0.05 >0.99
ren-2:0k-i Obs. 105 43 41 9 198 9:3:3:1 2.63 0.40-0.50

Rep. 41.3+58 Cal. 107.43 41.07 4107 843 198.00 018 >0.95
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HEzHAwTEHINERALER, a3 BL U
ren-4(t) LEEBEET ORI RS 2 0wk
0% LA E DBl EH & iz b DD, HHRE B
BfREREE AT, MEEFORMBROEERET
LZLFT&R ol

2. LRI OBEFLANESBEFEOREER
1) HBEETEOHEEEM

N-133 (ven-1) ~\ 2 EODBERHN-70 (d-10),
N-140(d-3, d-4, d-5) &KL 23, F, @
BROWTNRIEERERL, F, BEHTRIEER : 5
R ARTOBMEROIERIZIZI D 3 1 4D
W25 HEL 72 (Table 29), 437 oBMRIcEGEEND
ren-1 LB BRETD 2 BEHHR L yon-1 BHA %
BAREICERBIT 2 C L 3T ER D - 1208, BHEOBE
DEELRDFTOMBBZ S 2ELHURMEE LS
Nize ULORRL Vyen-113d-10 ®d-3, d-4,
d-5 LT, ST 2Bz O>wTiE LA ER
L, BRIZEL T LA ERAL Twis
Rz 3BOL 3T >BEF (ren-2, ren-3, ren-
4(t)) & s Bo B ERTF(d-10, d-14, d-17 (1),
d-27) ORI B FEMBEEER 25T L 72 N-174,
N-175 B X U N 176 ~NFh Zh &R (ID-10,
ID-14, ID-17, ID-27) » %L £ 2 5, F, fHtk

BoFhyERE L % 572, N-174 ~ID-10, ID-14,
ID-17 22 NP 7z F EF TR ren-2 £ 53
BEETOCELSHRAZ2 B 6BAITES, E
BHE S0 o® 4B E9 1 3 1 4Dty
BEL 7z (Table 30), 7275, BRI TRS T8O
EENLZHRMIC BT 2ERELD LS ko7
N-174XID-27 O F, £H C 3B E»WID-27 KR D &
HTHTORBERO DA & 4 3 ZEH MR EH
BTE, IO 3BHFEEMZLE9 1313
1 DI EE L7z (Fig. 1T), & 512, ID-14 X N-174
DF, WU aBROh» o HIEA 4 EE%
HH LT F, R (BFR_Fic 0 &H 50 HE) 2ERK
Lo TRTOF, R BV TIERIEODWTEIZ
IZID-14 BOBHICEE L Tz, S o8
LTREEIBD N, RENKBI 23T 28D
BEENRY b, ST OTEEL R 15 74, F,
ERE DRI WAEER R U7z 28 R7fft, ID-14 BE DS
STOTEIB LR 11 RO 3B HT o Lz
BT, F, ROBEFRIIILBICI-14 2 REWE
LTWTC, ren-2 DFREH, roen-2 O~7all, £
HEhEeRrEEINT, B, F. ORI 1 :
2 1 1 DHW X L EE L7 (Table 31), fthfE+
WL TIE, 3oBBRELERILESDHS Y
DD, 4EONBEGT Eren-2 L 3HNLICEERI

Table 29. Combined segregations between rcn-1 and tillering dwarf in F,
populations of the crosses between N-133 and tillering dwarfs

Cross Tillering F, segregation Goodness of fit
dwarf + ren-1
combination gene d + d Total Ratio x?* D
N-133 X N-70 d-10 Obs. 129 40 49 218 9:3:4 091  0.6-0.7
do. X N-140 d-3(or d-4,d-5)* Obs. 70 21 21 112 do. 253 0.2-03

* One of triplicate genes.

Table 30. Combined segregations between #c#-2 and tillering dwarf in F, populations
of the crosses between N-174 and tillering dwarfs

Cross Tillering F, segregation Goodness of fit
dwarf + d
combination gene + rn-2 +  ren-2 Total Ratio x? p
ID-10 X N-174 d-10 Obs. 122 39 47 208  9:3:4 0.69 0.70-0.80
ID-14 X N-174 d-14 Obs. 152 50 68 270 do. 0.01 .990-.995
ID-17 X N-174 d-17 Obs. 75 30 37 142 do. 0.79 0.60-0.70
ID-27 X N-174 d-27 Obs. 87 34 50 11 182 9:3:3:1 9.68 .010-.025
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(cm) —208 (cm)
o0, D-10xN-174  0=208 _ 5 100, ID-14xN-174  n=270 op o,
A N-174 A N-174
| =l
!4} Lo
8 8
£ o E _
3 = R 8 A S A T
1D-10 - ID-14
0 50 100 0 50 100
(em) Tiller number (cm) Tiller number
100 ID-17 x N-174 n=142 100 ID-27 x N-174 n=182
0 Ib-17 0 ID-27
& N-174 O F,
= & N-174
4 =
k] S
& 50 2’50 " ST s N
= i . = e h
3 am T 3 g
ID-17 1D-27
0 50 100 0 50 100

Tiller number

Tiller number

Fig.17. Correlations between tiller number and culm length in F, populations of the crosses between N-174 and

four tillering dwarf lines.

Table 31. Segregation of three genotypes* in F, population of the cross ID-14 X N-174
d-14 d-14 Goodness of fit
Genotype Total
+ + + ren-2 ren-2 rem-2 xA(1:2:1) p
Obs. 11 28 15 54
Exp. 13.5 27.0 13.5 54.0 0.67 0.7-0.8

* Estimated from F; progeny test.

ERL, S ofucBL Tk, KT 3 HFRICHEM
FZEA L, TR FOEET 2 LEASER S H,
MEAROFEOZ T o ER LI EFL SN,
N-176 8 L UN-1T5 N A O ERF 2 RHEEL
7o Fi TR EER2RL, F, £EMTRIE
FER, BRI AT OB o EERER T,
ST OBRREHOTE 2RI FRO 4 MESML T,
EIZ9 1313 1oic#e L 7z (Table 32, 33),
FEOEER IS T OBET LABRETO2E
FHBEEZ 5N, ren-3 BE UPren-4 (t) &5
BRETFEDZ ELKARGET TRRELHTD

BORFTFE L THEIMCER T % LitEEshis,

(2) SBUSN OBEEET & OB

N-133 (ren-1) x 2EOBURHKH-85 d-2#8
() BLUH-126 d-6 B (B L OR#E*1T-
723, FiEEEZWTFRIEERERL . N-
133xH-85 O F, £ CRBER BB OEREL S F
By yoen-1 BB h, S6REEMZIBED
T HEHT RS & d-2 B & IERFBIAMIS T & Tz, TEH
By d-2 MORBBROLRBREALTH D, BEC
DV idd-2 BIRPRERETRT OO0, FRIZE
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Table 32. Combined segregations between rcz-3 and tillering dwarf in F, populations of the crosses between N-

176 and tillering dwarfs

Cross Tillering F, segregation Goodness of fit
dwarf Genotype + d

combination gene + ren-3 + ren-3 Total  x*9:3:3:1) p
ID-10 X N-176 d-10 Obs. 286 81 82 20 469 5.77 0.10-0.20
ID-14XN-176 d-14 Obs. 154 49 54 18 275 0.28 .950-.975
ID-17XN-176 d-17 Obs. 140 56 48 11 255 3.02 0.30-0.40
ID-27X N-176 d-27 Obs. 96 27 32 11 166 0.66 0.80-0.90
N-176 XID-27 do. Obs. 133 37 44 19 233 2.41 0.40-0.50

Table 33. Combined segregations between r»cn-4(t) and tillering dwarf in F, populations of the crosses between

N-175 and tillering dwarfs

Cross Tillering F, segregation Goodness of fit
dwarf  Genotype + d
combination gene +  rem4(t) +  ren-4(t) Total x*9:3:3:1) p
N-175XID-10 d-10 Obs. 52 13 33 2 100 15.80 .001-.005
N-175 XID-14 d-14 Obs. 45 13 15 1 74 3.42 0.30-0.40
ID-27X N-175 d-27 Obs. 201 55 85 21 362 7.78 0.05-0.10
BRI TH o1 LLEOBR I U, BF, £ TRIEE Wiz,

id-28 rn-18%9 .3 40kIcHEL
7z (Table34), 7ren-1 &d-2 @ 2 BEHERM Zren-1
Bir&EhTsh, B 2BEMLEAON5T
Wiy bEROMEME L4 U7, N-133xH-126 D F,
EHTHYEEH  d-6F i ren-18% 9 .3 : 4
DI 720 d-6 1355 2 ST OfififHaE »
MEIL CERMLTAERAEELTEDY, ren-18)
I IR REOE»® S AT, SSRERBLEI-6
B ~43rF 54 (Table 34), 2 EHMHRM iZron-1 HIh
I EREOMEAMEA ST, Lied>T, &
HEET TSI >BCE L CTren-1 1372 2.d-2
Rd-6 BEEL THHIIR/T 2B 2RI &8, &
RBEL Tk UATHEMARER 2B 5 2 Lo5R

N-176 XID-18" (d-18") ORHF, BIEHA 2R
LR ARTREREM  N-176 I3 D 1 d-18"H
BHE#IZIZ9 1 3 4 Dbz BEL 72 (Table 35),
72120, d-18" MBIz 3E L WA S o fEE
Do IEE ST OEEE TRERMICELC, Lk
0T, BRI IZd-18" Hiren-3 i U T kfinicfk
AU, 23280880 Tidren-3 BT ERAL T
W3 EHEEI T,

ID-35 (d-35)XN-175 ® F, &R EFEE % R
L, F, RTIRIEER, N-175 B3>, 4-35 8
B, SSRBEAHHEREERINZPFTOTH
BHIoaEBAA9 33 1O ML
(Table 35), L7435 T, BRI idren-4(t) £ d-35

Table 34. Combined segregations between rcn-1 and dwarf genes in two kinds of F, populations

F, segregation

Cross Goodness of fit
dwarf ren-1
. gene .
combination + d + d Total Ratio x? P
N-133 X H-85 d-2 Obs. 111 48 62 221 9:3:4 3.29 0.1-0.2
do. X H-126 d-6 Obs. 39 17 11 6 73 9:3:3:1 1.89 0.5-0.6
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Table 35. Combined segregations of »cz and dwarf gene in two kinds of F, populations

a. N-176 x ID-18"

F, segregation

Goodness of fit

+ d-18"*
+ rem-3 + ren-3 Total Ratio x° p
Obs. 191 62 78 331
Cal. 188.44 62.81 83.75 331.00 9:3:4 3.56 0.10-0.20
b. ID-35 X N-175
F, segregation Goodness of fit
+ d-35(t)
+ ren-4(t) + ren-4(t)  Total ~ Ratio x p
Obs. 78 12 28 124
Cal. 69.75 23.25 23.25 124.00 9:3:3:1 7.78 0.05-0.10

SSEEIER L, ST o8B L Tidren-4 (t) 28
MRTCfERT 5 EHEE R L,

() la (boh) BETFLOHEER

N-174 (ycn-2) 5 2 IEN-176 (ren-3) ~Nla %
BT 5RERSE (H-79 8 L UH-358) 2 # L FNA
BLUI-EZ3, F, AT EEEEZRL, &
F, 88T la L ren-2 B350 Idren-3 OESIHE
WEISEXEER Lo 8l L yonf) | —EH M
BEEIZ9 1 3:3:10kIcHEEL 7 (Table
36), 2EO_EHEMRIZOWT Ty oh, BERL
B3k, ren-2-laBWTR LERBLARET

HolDIEHL, ren-3laBTIE la BHB L b 7
ORBENF L, BoeReE & Eo Tl Lo
T, ven-3 & la DRI "voh, BEEL THE
BEERSPED oI, RiZ la BT >Bc Rz T%
BEREND D, EF, &M OB L EEROD
2EORFB T T, BRFABNOST OHOZE
BEFELI- 22, £TOHEFRIZBVTLDON
HOMOBBIEEROSHEG L ABCOFT o206
EBCEZEGEERPR LI, Lo T, lids
Foe L TEEERS 2w EHEE I,
E B, N-174 (ren-2) B X UN-176 (ren-3)

EH-358 (la) ¥ Lz 280 F, £/ kM%)

Table 36. Combined segregations between rcn and /a in four kinds of F, populations

Cross F; segregation Goodness of fit
+ la
combination + ren-2 + ren-2 Total  Ratio x° p
N-174 X H-79 Obs. 113 59 59 22 253 9:3:3:1 14.09 .001-.005
H-358 X N-174 Obs. 133 68 63 25 294 do. 14.74 .001-.005
Cross F, segregation Goodness of fit
+ la
combination + ren-3 + ren-3  Total  Ratio x? p
N-176 X H.79 Obs. 338 118 90 33 579 9:3:3:1 4.74 0.10-0.20
H-358 X N-176 Obs. 239 52 57 23 371 do. 11.10  0.01-.025
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POENTIREIE U las ren-2 8K la«yen-3 B
DERAEE ==y 2 (BRK) AR (BRX)
D2HRBTREL, FHREEHB U 12, lorron-2 B
EERR, BIRE & bic o030 D Tho o Bk
OHE LRk E OB 2R, WEEFEIIAE
EFERERb o oTz, —H, lacren-3 BIZE
BRTERATOBBIBEALERERY, o B0
BELREO L ONEERL 1208, EBBRR Tidren-
3 OERBRZMICLY, BRXKEID 3T O
DL, ZRIZHESTHONENTFE D, BHPRE
E LWty LtSoT, ren-3 RIEELETIIE
Wl EHREFET B L E, loa OFBERIHET 51EH
DH5TENRBEEINT,

* =

ERIUO2 0% T ) kA e — RN
BT, SUTOBEPERICED S ERT R KR
FRLT, EMASHBETFXRTho 722 & 2 HE
LTw3, Lel, #hs0FEEIREEGETIH
ELTEEIRTOwEL, KRBT, Fik
WEHERK L A BODVHT D EREREIZ DV TEE
FHOFETY, BWEHNERICH % 4 B His
MEBETF (ren-1, ren-2, mc-3, ren-4(1)) 2R
HU Tz, 70, EEATORE, ron-1 BYEE6 1
BEL, wx—C—ren-1—f-1 % 2 EBRBKBICH
0, ren-2 13RIk 4 BT, Ph—Pr—ren-2—1k-i
ZANERRICH B EHEL 72,

1 2DFTOPCRBEERIGHED >h, 18C
~28°COFRAI BT —RICEEMEEIT D
BHBEINT 2 Z EPME SN TV 9, KHFFFE T3,
AFEODH T ORREZN TN LBENEESE U
THDHEEZONIEFEHOFERK LT 2R
BERETICERERLC, BEREEA ., 4BD0H
ST ORBM I, BERGKKEZZANED S
n, BERTOHLPT O RET 2 BB
A (N-133, N-176, N-175) &, BEXEO/NE W
B (N-174) @283 1.

4 3OS TOROMEFI IEDEOBRSHERR
53232 LaishTns, BF - HP wkh
i, 1 ABBFTOT 20 LBERBAERSEER
PAFSREES SHEL, BARDITORITI bz
13 3.5%BHETHD, 2.5%%E 3 L7 IREL
LU, 1.5% T3 L EZROBRD %2 E£T 2, KA
TWRren-1 2 X 3057 O8RET 5 KRAEET,

N-133 Ot & BEFEE T s RIG 2Tz &
Z 3, FBIEXTELOHENRD Shls, FRH
XV EZHRBYT, FTOBOERIIILEALS
ShT, PRT2DEETHoTe, LIcH>T, N-
133 IHMERSHT CIREDEOET % D b OHH
Xh, BLHOBNDSTOORESIHEN DS LFE
Zohb,

BREHFTEBWT, {BOLSTOBEFED
HEERZHREREZ 5, ron-1 RO 3EDODS
FoBETFEH L TEMERRL, ron-1 DEERRK
ZHB4ABLEFONTR B> ST, 72, ren-2
Eren-3 BE Lren-3 Lren-4(t) ORITIRENLTE
AN ER L Tw iz,

ST OBETF L RHFEH ST ORRNEE S
SBBET TR, ST OFORKEL A -5 H
ZBEDH L Z EBNTRBREINTWBEY, Do o#
BT L BBRET L OB CABEAET BT 2HHE
ERZBET L, FELOLART D LB Z T ron-
1 3BEET (d-10 B X Ud-3, d-4, d-5)
MLT, T >HKizo>wTiR EMcEAL, BRI
BE L CIAHANENCAER U 7o IRERIGHVINE < 43
FToUSNDERZfEDb R Vwren-2 L A DS EE
BEF (d-10, d-14, d-17(t), 4-27) BT, &
FoscB L CIARIMCER L, MREFORE
2k D HEOERASHES N, MERKEOFEOS
ToMERLI, £72, 7en-3 BE Uren-4(t) & 4
BOSERET (d-10, d-14, d-17(t), d-27)
EDITIR, BE LSOOG E L THINM
WCIERL Tz,

A=Y VOHEMETHBL-N) AT v
DEREZHELTWS Iz (boh) DedHT o8
GBFEOHEEERRZARLLEZ S, ven-2 £ la & D
M T IRAEEERS S S iz d - 7288, ren-3 1% la i2
3% "yoh, ORFABEL*HOLEHE2ETSZ
EWRENT, —H, la 3T ORCEERE
otz

MED XS, 1EOVFT2ERER, BRER
B IECY, o L OMEERASTEWIZERNAS
n, DT OMOREICE S BEHM N R
BIGBENDH S Z BRI NI,

L RDPTORENF —F U HBVIEFHA—F
VY OETEAMII X > THIEIE LY, £ 20N
EV A b I A= ERRBAT OBREHICZ DESE

CRIERBZIEPHEINTVED, ZDX D LHT
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OREDEBIERERTRS 201 id, EEE LB
SMZRE B30T OBEEPEARE CRETFSNE
To kBT OEREPEHBME R EEZ S
b,

V. BEESHERE
f& E

BEFORERRIIBVLTR, BEER: LTE
BEMNBELRREZRLLTWS, 1 20LEEE
BARCREERCOEELERENS{, b2EE
FREGMBERFOELEL-T, EEEN»S
BrOBEDZuu Yy ARRBIL, BHLBEII
TWVE g TCET2HBHASN TR, &
7z, BERGFCKG L TBENELERTEREL
LT, BREGCERELEEL L LR T S8
Py 50 R 3BT LA ST O E RAEN-13349
E2bH3b, 3ok, BRERSHLREEORIZE, &
ERXHESMED 2 WEIEEOHEE I & Y ik
EERIITRBRGHOBETRBETHRES
Ty, NA TV R IA4 ADFEAEHLERLTY
55950),

AR AV BESTERE (REESN-
172) BRBEESCEEOAC-85 D F >~ —R
SRR L 7 2 f5ROERERET, KEEZMF
TIEY, PMRBLURL2FRERET S, UL,
BEND L S BEREFHETTHRET 2 &, £F»H
WL CHBERETSEN L, & 1, HFEEEREKT
® %5 Mutant-1 iZAKHEGTRELOFESE L
{, BFREMET T2, BENOBRELHETE
BEE 3 2 LAREESTEEY, fREbALT 2, &
ETIIN-172 B & UMutant-1 OEEFIWR 2T
CHRCBERGEHRE L, 8o, RERZHE
HAEDN-133 t BREZULERETHS "5HRT1
S L OMTREERERA T,

MEBIUFE

HEERHE % Table 37 1277 L 72, N-172 i3E3&E
TFRHEME O F, (H-59x H-120) & D#GEEEIC
L DEH L7 BEHRTH 5AC-85 CHKT 5,
AC-85 2GSRBS (KBREEXNEE) o5 v
R—74—=NVFRREBEL T, ¥v~v—ROEEE
FE5f (430 R/day) 21T-o 7 & 2 %, BEdz 2 1%k
LREL, BFREEL T2, 351 F D M, R%EKAH

Table 37. List of experimental lines used

Strain Marker gene

N-172v CE A, wx

AC-852 C3, A, wx

Mutant-1%

Fukei 71 d-50(t)=d-12
Fujiminori

Shiokari Al

A5 CB A, Pr, IBf*, Rc, Rd
A-58 C3, A, Pn, Pr, Ph, wx
C-37 st-5

H-61 d-2, Pn

H-69 fs-1, ni-1

H-75 gh-1, Rc

H-79 d-2, be-1, la, lg

H-126 Co A, d6, Pl

H-138 CB A4 d-6, g-1, wx
H-156 C8, A, Pl*, Hl-a
H-165 C8, A, Pl, Hl-a, gl-1
H-304 d-1

IRATI13 k-1

ML-100 Hi-a, ylb(t)

N-133 C¥8, A, Pr, ven-1, I-Bf *, Rc, Rd
N-135 CB, A, Pr, dp-2
N-174 Al ren-2

ws-10 wx, st-1

1) Dwarf mutant line induced from AC-85.

2) Double haploid line produced by anther culture
of F; (H-59 X H-120).

3) Malformed spikelet mutant line.

THRIE LI L 2 3, BERIZIZBEERRO /N RIS
HTHORETRERTERE (RKAN-172) 2437
MLz, ok, AC-85 B0 REEMIBEET 2%
i (REERAC-85) &SNz, Mutant-1 iZJb#EE
BERFAEBIETHREINTOREREREESEIN
72 DT, HRIZOWTRTHTH 5, 2EREIX
—BPNZPISNEDBIL L b S IEE R E
BRER OE B SREL T3,

BEFOI:

N-172 i, BV REEBPRA T FCIIERS
BT CREEET 2 2 L8 hholzlzd, M,
RTN-172 Lz 8L R EEBEF 2HREEL
TBE, ZThoDRARMEC L VEREESET S
~T7 ofEEERY, I ERE L U TRERKH-79
PIERYE L TREERTTo 720 N-172 BEREHT
TREEET 2 2 L0 T s 1E, N-172 ~NE#E
CR2EOMERHERME L 72, 2D BN-133 13
EIBEZRLLSIren-1 (BT D) 2ELTE
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Table 38. List of cross combinations used

Cross combination Cross combination

Shiokari X N-172 H-59 X Mutant-1
ML-100 X do. ws-10 X do.
N-172 X A-58 Mutant-1 x H-79

do. X C-37 do. X H-126
do. X N-174 do. X H-304
do. X H-61 do. X N-135
do. X H-69 do. X N-174
do. X H-75 do. X IRATI3
do. X H-138 N-133 X Fukei 71
do. X H-156 Fukei 71 X N-133
do. X H-165

D, BEEFHETCREELLST BN E2RT LS,
AT T CREBTVEET S, "SR TLE R’ 7
VIV OF v —BRECERL, SREHT
THEHEBULZE LS R 3BERMTH D3, %/, Z
DFEMECHET 2d-50 (1) xd-12 (2—7 78
RAIMREORER» S, RETHSL Z EHHEIL
T 3%,

BEERA L 72 4HE & % Table 38 1251 L 72, B30H
D F, B L UF, £ 4 B A KBEER
BERNCHEL, Eo—A A YA TERE, 6L
ANZAE R BRI R ES OAKHAN 1 Bk 1 AH 2 T
FEL T, EITEI L DR L /-, £/, N-172XH-
69 DF, £EMB L UN-133X LR 71 BEDHR
F, EHlic 2L T FER, E&Fh240T, —FA
FAESZET (RRR), W2 E=—1 v ARGE
BX) 1Ry r2@EBEZCIOERELT, B
DR ERE 2B L7, T BHEBMOEH
i3 ALLARD®® 12 & B\ LB v 7z,

BEEMIBERER

N-172 & Zh XL T % 2 fE6%H5 (AC-85) &
PILKBEFEAE, E=—ony AW 200CE
CIHM L -ERANBATIERRE (af bboyv
S-153 A D 4 &HEREL THREL, SRFEOE
PSR ELHEAT L, F7-N-133 L T3%R
NS BLUFNWTLOERKTCHLAS 7Y
I O4FFEEIKREESAH, SARBRFHS
AREBOEBKES L IEARZEROE=—1 Y
ADIGETEREL, BREFEEEHAEL 2. #8
RO A & DB - BEmETY, SR FKikE

WENLORT2EREEL L, 1 KEIK 4 EEEHER
U7ze 8B, EZ—WNATRTR2Y Y MUKy b
W2 EERE R U T

Mutant-1 % 2 BORE &M (20°C (EEX) &
28°C (BRK)) wHfEH L HERANBATRRE (o
4+ borS-153 A ®B) TEKEL, FEELOEE
R U, k8, EBERO 20COEE IR B
%4 AEEEHE (6 — 8 H) OFEHRIE19.2°CrE
IR E U7z Mutant-1 % 4 A TAIILKEEEE
FRNEEL, Po— N\ ANTEES, 6L
AwzaA4 b boy (20°CK, 28°CK) i—®Ry b—
Bz T3 REE Lz, Z0%, £FOLFEA %
s8Rk L, AN Z 2 - 72 10 HH4A) (28°CK)
BXU12 A LA (Q0°CR) wREERL T, FE
BTk SRECOBEES L URELFAEL 72

L R
1. IBRIZEEERE
(1) BETHHT

N-172 #3538 L 7- M, ROIEEBEFEED > 5, K
RIEEREL2 B -EEEH-T9 L ORZHIc L 2
F, 15 i3 N TBIEHRB PR L 72, RIZF, 2@
HANCREL ¢, BESEGE»S F. EFEEHL
TABECEELZEZ %, F, 15810 10 £68ic
B OUNRBY CTRRERTEERMEEE L
T2o BRBD—ETRBOBENEL L, WIHET
Z2HDbHolzd, HMRIERE ZTEAL23 10
Mz 538 L 72 (Table 39), %72, N-172 ERERH
DR, ARz wTFh b EERERL, F, £
TIIH-165 X OXHHESGE TREFE E ERA M
121 1 Oz oL 7208, DT TOEEY
KBWTIRIEER | /NEEMS 3 1 1 D8
L7z (Table 40),

L7ed8> T, /NIRRT ML EDORET (d-
58(t)) ks I EBHOSRIZR ST,

N-172xXN-133 OR# F, AR RIEFRE LR L,
F, £z w1z, EHR, MBI, ron-18
DT oD 3 B RS L 72 (Fig. 18), /R EE
HREHENRRTL L EERRERLIZDT,
DT OROEEENTH /I ABEY 2B T
Too 2OX S 2EELHMUE (ren-1 d-58) 3045
TOTEELRBEEL R, ZhOD4BORERR
OFE ZE VML A 2 BaT I L 28R (9 ¢
3:3:1)IIcEEL, d-58(t) kren-1 D&
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Table 39. F. segregations of small grained dwarf in the crosses N-172 (hetero) X H-79

Cross F, segregation Goodness of fit
Total
No. Normal dwarf x43:1) p
1 127 56 183 3.06 .05-0.1
3 129 39 168 0.29 0.5-0.6
4 97 21 118 3.27 .05-0.1
5 88 27 115 0.14 0.7-0.8
7 136 43 179 0.09 0.7-0.8
9 165 33 198 7.33 <0.01
10 109 40 149 0.27 0.6-0.7
11 99 35 134 0.09 0.7-0.8
13 120 25 145 4.66 .01-.05
15 129 46 175 0.15 0.6-0.7
Total 1199 365 1564 2.31 0.1-0.2

Homogeneity: x2=36.66 p<0.01.

Table 40. F, segregations of d-58(t) in the crosses between N-172 and several linkage testers

Cross F, segregation Goodness of fit
Total

combination + d-58(t) x2(3:1) P
Shiokari X N-172 88 25 113 0.50 0.4-0.5
ML-100 X do. 129 43 172 0.00 >0.99
N-172 x A-58 79 30 109 0.37 0.5-06
do. X C-37 97 33 130 0.01 >0.99
do. X N-174 113 38 151 0.00 >0.99
do. X H-61 211 75 286 0.23 0.6-0.7
do. X H-69 293 77 370 3.46 .05-0.1
do. X H-75 170 41 211 3.48 .05-0.1
do. X H-138 63 29 92 2.09 0.1-0.2
do. X H-156 85 23 108 0.79 0.3-04
do. X H-165 62 52 114 25.84 <0.001
Total 1390 466 1856 0.01 0.9-.95

Homogeneity: x2=36.66 p<0.01.

FREVHNEMRIZD D, KAZETIIEE DR
BEHNEZL EBEEEEC T, B8, wx Lren-1
DRHIZ I3 36. 8% DA ¢ HSFE RO & iz,

d-58{t) IOV THEBEASM EIToTc L 25, N-
172X H-69 ORHEHEE Iz B VT, d-58 (t) ITLE
6 Dfs-1(F DiE-1) LMK T 23.4%, N-172X
H-156 8 & U'ML-100X N-172 @ 2 EORMHE ¥
T3, Hl-a (ERE-a) £#H5]7T 20.1% OFEHH %
boTZENEThOEEBHEASRIE S/ (Table
1), DEoBRcEIBZTHS LI L wx—C—
ren-1—fs-1 DEFHBER EBWMD -1 L Hl-a D

R 2GR 2 &, d-58 () 1§k e6 b
Tf-1%2MLTCwx—C—ren-1—fs-1—Hl-a—d-
58 (t) DIEESY 3 g sz (Fig.19),

(2) BERE

N-172 L AC-85 2 # h#hAEB X U =—)
NTANTERL, BHEEE» SELOHREHEEL
7z (Fig. 20) . BAEROMZEMEOEL CHERE R
Hanieholz, UL LAKHEE B TIXEHMNE
ELTC, EFENERCRBHEE 1 » AR IZR
HRERH S iz o Tz, TR BN-172 IXAC-85
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CHATETHEIEEL, 24T ELIOIRT
& DERLESY, R N-172 DL IZAC-85

(em)
1204 .
3. R T *
'!-.:::.u'o.l
EPREE N R
Z 804 '
=3
(]
R n=123
E T
:—'_ :!o.t
404 10 o N-172
¢ N-133
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Panicle number

Fig.18. Correlation between panicle number and
plant height in F, population of the cross N-
172 x N-133 under paddy field condition.

DI 1/21c ko7, E72, AC-85 258 A 22 Hi
HELORMLT, N-1T2 39 A LAEE-T X
SR HFEL, BMOMEEL TR TH- T, —H,
EZ— AT ZARDOR Y MEREETIE, BRFERICE
EREQERRATERRY, B, HEHIO VT
RFEERIZLA RN o7,

Rz, KH, Ez—nwnT R, 20CE 28°CH 41
DRBERX T, MRS 10 B LA wIEL, Bit%
H# U7z (Table 42), BEEHETHIKEB LU
20°CR iz BV IN-172 3ER, /B, BETiEETR
U7zo % BN-172 BRI i BN HIR OEHFA
BB L T, 7-N-172 BELOREIL+
Sl ER D, EEBEICOEETES DR
DH SNz, —FH, Eo—MNnTZAB LU 28°CKD
RS HTOHEET 5 L, N-172 3EFSEIEL,
BER, HEL s B TFREIZAC-85 Sz,
nE, Eo—Any A B»THSRHELCETRE
MET LR EREEFC L2 L#HEINS,

N-172XH-69 O F, EF 2 KH: E=—nr
AFBCHTTEEL, BREIUVWEREHEEL
(Fig. 21), ZkEEMH T, BRI DWW T 50 cm,
HEICOWT M 5.5 mm ®EICEER &/ RE
YERBREICIETE 2, Fi, INIEBEEIZTRT

Table 41. Combined segregations between d-58(t) and linkage markers belonging to the chromosome 6
Marker Linkage R.CV. F, segregation Goodness of fit
gene + d-58(t)
A phase (%) A a A a Total Ratio x? )
N-172 X H-69
fs-1 Obs. 216 77 74 3 370 9:3:3:1 1896 <0.001
Rep. 234449 Cal. 19008 87.42 87.42 508  370.00 7.69 0.05-0.10
1) N-172 X H-156
Hila Obs. 78 7 8 10 103 9:3:3:1  23.39 <0.001
Coup. 18.6+4.3 Cal. 68.55 870 8.70 17.05  103.00 4.60 0.10-0.20
2 ML-100 X N-172
Hl-a Obs. 116 13 15 19 163 9:3:3:1  32.09 <0.001
(1) + Coup. 21.0+£3.7 Cal. 10696 1529 1529 25.46 163.00 2.75 0.40-0.50
2Hl-a Obs. 194 23 20 29 266 9:3:3:1  54.75 <0.001
Coup 20.1+28 Cal. 17546 24.04 24.04 4246 266.00 6.95 0.05-0.10
N-172 X N-174
C Rep. 52.84+6.1 Obs. 88 25 21 7 141 9:3:3:1 2.52 0.40-0.50
Pooled data (8 F, populations)
wx Obs. 901 243 285 112 1541 9:3:3:1  11.26 0.01-0.05
Coup. 448+1.8 Cal. 887.75 268.00 268.00 117.25 1541.00 3.84 0.20-0.30
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WX C ren-1 fs-1 Hl-a d-58(t)

Fig.19. Linkage map of the chromosome 6, showing the loci of wx, C, rcn-1, fs-1, Hl-a and d-58(t).

Table 42. Comparison of six chracters between AC-85 (normal) and N-172 (dwarf)
in four kinds of environmental conditions

. Paddy Plastic Growth chamber

Character Strain field house 920°CY 98°C?

Culm length (cm) AC-85 89.6 68.0 83.0 71.0
N-172 33.0 62.5 42.8 66.0

Panicle length (cm) AC-85 17.3 14.9 15.0 20.5
N-172 8.3 12.9 6.2 15.8

No. of panicles AC-85 7.3 43 8.0 7.0
N-172 7.5 7.5 37 9.0

Seed fertility (%) AC-85 88.9 22.4 — 68.9
N-172 0.0 2.5 0.0 54.5

Spikelet length (mm) AC-85 5.73 5.49 6.40 6.49
N-172 4.20 5.29 4.60 6.05

Spikelet width (mm) AC-85 3.72 3.69 3.56 3.67
N-172 2.38 3.31 2.71 3.60

1,2) Plants were grown under the constant temperature indicated during growth season in growth chamber.

TRMEER Lz, —H, Ex—nny 2 Tid/NRE
BHEOBRE, ¥R, BFERERRICETR >
BhrofbDD, EEMVEEL 20, ERBLE
HHRIZE LA CERNEERE R 5T, LI o T,
d-58 (t) MERRZM T, KAXGTRETEEL
<HIRIL, R, Sk, TRtE2RET 2, &R
TTREERNEICETEEREET 3 2 L 48
Sk ol,

2, BHEEEEE

(1) EEFHT

Mutant-1 £ FHEICE L CREERORERK
ORHF, BERHFROBEEDEEH LY, &
F. fHCRIEER HFRELEZ 3 | 1 ks
BEL 72 (Table43), L7285 7T, Mutant-1 OF
BT EMEERET (mis-3 (1)) #5735,
HES OFER, mis-3 (1) (FHEE-3) 14 E
wARET % Pr(ELmEEB) LHH3(T 20.6%, Ph
(7 =7 —VEKIG) LABBITC27.2%, g GBEER) &
MR T39.1%, d-42(EFEEEN) LHRT43.5%
DA B R A R & iz (Table 44) , & 7z,
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Fig. 20. Plant growth in AC-85 (normal) and N-172
(dwarf) in two kinds of environmantal con-
ditions.

E3BETHAE L LOEMNEHES DI f2ren-2
(D43 D-2) &1 14.0% (FHK) O FEH =
iz LTe3> Tomis-3 (4) We@afd 4 ¢, lg—Ph—
Pr—mls-30) —ren-2—lk-i OIEWES T 2 ¥
zohb (Fig.22), 7272L, Pr, mis-3(t) BX UV
ren-2 @ 3 Bis7-FE O EA X 14.0~20.6% D [F
L BEERLTEY, o CEBCEETS~—
H—HCTNBREREEET 2 LEND 5,
Ric, dp-2 (NERBEAE-2) #ET5N-135 &
Mutant-1 O CREEEBR BT oo, BHEEF, OFEE
BEEME2RL, RLEFTRIEER  HFEEE
(mls-3 (1)) B : NERETE (dp-2) B 2ES
MOFERREZIZIZI 31 3 1D L
7z (Plate 6, Table 45), X 52, 4FBORBEAIZ
DWTRETFREREER T 2 L, EEH>Hp-28>
mis-3(t) B> 2 BEHLHROIEE kD, 2EHHHRT
REROBILGRDEE TR E ko7, Lz
Do T, mis-3(t) &dp-2 3~ BRICH D, WHE

Paddy field G
e n=151
E 6+
=
&%
8 5 “
3 e
B o
B 4
9}
3 [ ]
0 20 10 60 80 160
7

Plastic house
6 7=169

-

Spikelet length (mm)
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4_ *
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Culm length (cm)
Fig. 21. Correlations between culm length and spi-

kelet length in F, populations of the cross
N-172 x H-69 under two kinds of environ-
mental conditions.

ETFOELN T 2 EREMYT, mEETit
FT2LBMROFENIZELLRD, HETLEHT Y
DL B, FIRFEETRER S I L 258
)T,

(2 BERIG

BHER 28C) THE: L 72Mutant-1 12 7 B &b
58 AEACHEL 0L, EBER 20°C) T
BHEREND T HFA»5 8 A TTAOMICHEL

Table 43. F, segregations of malformed spikelet in the crosses between Mutant-1 and normal testers

Cross

F, segregation

Goodness of fit

Total
combination + mlis-3(t) x43:1) )
H-59 X Mutant-1 Obs. 138 38 176 1.09 0.20-0.30
ws-10 X do. do. 211 62 273 0.76 0.30-0.40
Mutant-1 X H-79 do. 133 47 180 0.12 0.70-0.80
do. X H-126 do. 213 57 270 2.18 0.10-0.20
Total do. 695 204 899 2.55 0.10-0.20

Homogeneity : x*=1.71, df.=3, p=0.6-0.7
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Table 44. Combined segregations between m/s-3(t) and linkage markers on the chromosome 4

Marker Linkage R.C.V. F, segregation Goodness of fit
+ mlis-3(t)
gene
A phase (%) A a A a Tota]l Ratio x? p
d-2 Rep. 54.9+5.3 Obs. 105 28 34 13 180 9:3:3:1 1.39  0.70-0.80
lg Obs. 362 120 128 19 629 9:3:3:1 11.58 <0.01
Rep. 39.1+33 Cal 338.50 133.25 133.25 2400 629.00 420  0.20-0.30
Ph Obs. 226 42 65 333 9:3:4 18.68 <0.001
Rep. 27.2+16.1 Cal. 210.62  39.13 83.25 333.00 5.33  0.10-0.20
Pr Obs. 54 12 5 16 87 9:3:3:1 30.03 <0.001
Coup. 20.6+5.0 Cal. 57.20 8.05 8.05 13.70 87.00 3.66  0.20-0.30
ren-2 Obs. 141 87 81 2 311 9:3:3:1 45.17 <0.001
Rep. 14.0+5.3 Cal. 157.03 76.22 76.22 153 311.00 361  0.30-0.40
d-42 Obs. 156 48 44 8 256 9:3:3:1 533  0.10-0.20
Rep. 43.5+5.0 Cal. 140.12 51.88 51.88 12.12 256.00 469  0.10-0.20
: 43.2 >
ke 33.2
< | 315
39.1

|
—— 272 ———

194 ——
743133 —e—206—f— 140 —>— 413 —»

i { i T
lg Ph Pr mis-3(t) ren-2 Ie-i

Fig.22. Linkage map of the chromosome 4 showing the loci of lg, Ph, Pr, mis-3(t), »cn-2 and lk-i.

Table 45. Combined segregation between mls-3(t) and dp-2 in F, population of the cross N-135 X Mutant-1

Linkage  RC.V. F, segregation Goodness of fit
+ a2 Total
phase (%) + mils-3(t) + mis-3(t) Ratio  x* P
Obs. 79 34 33 9 155 9:3:3:1 2.19 .5-.6
Rep. 43.8+6.4 Cal. 84.94 31.31 31.31 7.44 155.00 1.06 7-.8

720 BB, BRX T8 A 15 HEKE, EERK T3 9 FWERFEEOA 2REL 2, il HHH LET
A1HUBHE L EVEE2EAEE L, Bh ek EFEL L 23, GRETE—EOMT 30%
B DOVLTIRAD 1, ETRMEREEH S BRI L, REOEREERL L, EEALIRE0-90%DFH
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. 23. Correlations between seed fertility and rate
of malformed spikelets in Mutant-1 grown
under two kinds of temperature conditions
(28°C and 20°C).

WHETFREERR LI, —H, BRXTIRIZLAELD
BT EPRE > T, &6, MESED "Lk
D, OWTHERKX - BRRi RiFc@ETitk
BRI, REEEBEOHTEN L HFHETHEE 2L
L& 23, BERTRETRE L Afc—EHORE
TR BREOFB LR U, 1E LAY REBER
WE0UDIT &l o te, —F, EKBRIZBWTIZPIHE
(7 HFRMED wHB L 28K 50% DEFERE
BERLEDE, BrALOMTRABEILERE D
1009123805 - T2 BAEIC D W T II R E R I IE
HICHBE L R R THETL OBAE S E» -
Tro E77, BFRRME L UFRATER IZHFERL
O EEZMEERRE SN 728, EriRiE:
FEAOEEMC XER & OMHEBENED s
(Fig. 23), 52, MXICBIT 3 BEEL2HFHOE
HrEERHSMICT B0, EWEL, HEDA
DO, SEOBOFEL, ANEOHFEE
TCOLERRIZNT 284 %7z (Table 46), IFH
CHREL RS - BRKECHET 2 ¢, BRK

TRIEFEEEL 60.2% % 5D 0L, BRET
X 74%TH Y, BAAEOFHIIREX T
17.4%, BEXTIX78.3% % i, &8, NED
HDFHHER DOV T RHKHE K ELEZREITD
>hd, ABEOHDOFEFERIC OV TRMXIIF L
AEETCRo 7, L EOER L D, Mutant-1 13K
BEFTTRANEOHFBSEAL, BFRELE
Tr23zepBlohtiol, &5, EFICHE
LB BN E LT 2 &, MREGENET
RIEEFEEERSENL, b)Y KHEBERTIERNED
HOFBELEIRD L, BRBERTREASNED
TR L7z,

3. N-133 (ren-1) &R 71 S8EH (d~50)
RS

N-133, TR N1 BB I VENFHDOERKTH
5A-5r "7V Y BIEREBEHOKBEEME,
BARERESOKEZMEL IC L ABFHOE = —
NN ZNTEEL, BREIUCEREZHAEL
(Table 47),

N-133 355 3 EOMR L Fkkic, dbAKETIRE
ERERLDPTORRL, E2 NI XDORY
MEZ TRIFEALYEFHZ CEELEEL, R
MOAS O RR BB CEREEZRITED S
nhdprofe, BARERESOKASME T, N-133
DOBRE UL REFAHE = — My 2%
HOIFIZPEEE 2D, N-133 Q> R RER G
BH oIz, LTzhoT, BhKERESOKEIZIL
KEFIAEE Y= -y 2O R e
LHEENT, THERTIE) B IEOREEEDT
RTEBWTT7Y: Y, IV EECERERD,
BoW T7Y /), LU ZEROBEIR, it
KEXIAR<BASAKHA<EZ—ANnD 2R Lk
h, BEELGERECEERERL o, £72, @

Table 46. Rate of malformed spikelet (%) in Mutant-1 under two temperature

conditions

Temperature

Heading time

20°C 28°C

Normal Late Normal Late

Malformed palea and lemma
Malformed palea

Malformed lemma

Normal

78.3 46.0 17.4 18.8
141 22.8 21.9 8.5
0.2 0.5 0.5 0.0
7.4 30.7 60.2 72.7
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Table 47. Character expressions of mutant and original lines under three conditions
Paddy field Plastic house
Strain Genotype Sapporo Kanagi Sapporo

CcLv PN2 CL PN CL PN

A-5 + 754 8.4 84.6 13.6 79.2 9.6
N-133 ren-1 36.2%* 2.3%* 60.4** 5.6* 73.4 10.0
Fujiminori + 71.9 10.5 84.6 12.9 81.9 11.6
Fukei 71 d-50(t) 57.7** 12.6 63.9** 17.1 56.0** 13.1

1) Culm length, 2) Panicle number.

* ** Significantly different from the original line at the 5% and 19 levels, respectively.

(cm) (c
100 <in 1
e
Rk
< .:l!l- =
B RTINS =)
s RESEl B
E it A Plastic house E
3 50 : 3
O N-133
n=188 A Fukei No.71
T i T
0 10 20 30

Panicle number

m)
00- . e
Sl ':.Q .
: T Paddy field
504, ¢ THELTA -
i O N-133
- n=383  OF,;
i A Fukei No.71
T [] 1
0 10 20 30

Panicle number

Fig.24. Correlations between panicle number and culm length in F, populations of the cross N-133 x Fukei 71
under two kinds of environmental conditions.

FEEOBH L TEREZRRE b sk o T,

N-133 & T&R 715, L OHERKHE»SDF, £
HZALRBEHAR L E=— oy 2D 2 & TH
BL, BREIUVHEBOZE®HAEL - (Fig. 24),
AKHEGEH T T, N-133 i3ren-1 OEFICED, T
RB, LVERODHTOBEE LY, REF,
EEEEROERRM 2RI, HRZ#ED F, £H
T, F FRROIERR, 2% 71 SR8 L UN-133 8
D3RR REL, REMOMIZY 3 1 4
HE L7z (Tabled8), +hbbron-1£d-50 D2

EHUBEIN-IB G TRY, BREHETR
BRI B D ren-1 Hd-50 1=t LT EALic A
LTwis, ES— U NATXEETEH AR5, &
EREnD, N-133 5L UF, BHRERERERL
fro THRAZHED F, EHTIIAKEEED & 5 1 BIRE
BREHOSEIIED s h T, BEIGERNLER
ERULIH, IERBEE SR T SEBENTIZS [ 1
1253 HE L 7z (Table 48) . 30 b B EIREH T, ron-
1 BFBES, d-50 DADDIENTED sh iz,
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Table 48. Combined segregations of 7cn-1 and d-50(t) in F, populations of the cross N-133 X Fukei No.71 under

two conditions

F, segregation

Goodness of fit

Condition Normal Dwarf RCN Total Ratio xt p
Paddy Obs. 225 76 82 383
field Cal. 215.44 71.81 95.75 383.00 9:3:4 2.64 0.4-0.5
Plastic Obs 142 46 188
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Summary

Rice plants (Oryza sativa L.) have numerous genetic
variations in morphological characters, some of
which are concerned with agronomic characters such
as yield and quality. Therefore, many genetic
studies on morphological characters have been car-
ried out. Most of these characters are quantitative
traits controlled by polygenes and affected by envi-
On the other hand, about 160
kinds of major genes concerned with morphological
characters have been reported in rice (KINOSHITA and

ronmental conditions,

TaxkanasHi 1991). This genetic information about
genic actions and locations on chromosomes is useful
for genetics, breeding, morphology, physiology and so
on. In the present study, genetical investigations
were carried out on the following characters: grain
size, reduced culm number mutants and temperature
sensitive mutants.
The results obtained are summarized as follows:

Major genes concerned with grain size

A long grain type line (N-173) was bred true from
the progeny of a mutant induced by successive treat-
ments with gamma rays and EMS (Ethylmetan sul-
fonate). An incompletely dominant gene was respon-
sible for the long grain character of N-173. The
allelism test indicated that the identical allele or the
isoallele in the Lk-f locus was responsible for the
long grain of N-173. In N-173, spikelet length, grain
length and 1000-grain weight increased about 1.2, 1.3
or 1.4 times in comparison with those of the original
line, Shiokari, while width and thickness of grain

remained unchanged. The plant type of N-173
belonged to the panicle weight type showing some
changes from the original line, due to the elongation
of panicle and culm.

It is known that Lk-f is linked with the gene for
awn (TAKEDA and Sarto 1980). In the linkage ana-
lyses, the order of genes in chromosome 3 was esti-
mated as Mi — bc-1 — Lk~-f — An-3 — lhs-1 —
dl(Hg) — d-20. In addition, it was supposed that d/
(drooping leaf) and (hs-1 (leafy hull sterile-1) had
pleiotropic effects which inhibited the expression of
An (Awn).

A recessive gene and/or minor genes were respon-
sible for the long grain of IRAT13. The allelism test
for long grain between IRATI13 and Fusayoshi in-
dicated that the long grain gene of IRATI3 was
different from Lk-f and designated as /k-i. In the
linkage analyses, /k-7 linked with P% and Pr belong-
ing to chromosome 4 in the order of Ph — Pr — [k-1.

Genic interactions between major genes concerned
with grain size were investigated using Lk-f and lk-i
showing long grain and Mi, 4d-2 and d-11 showing
short grain. The additive effects on spikelet length
were determined among these genes.

It is known that the developmental ability of the
caryopsis is estimated by the length of ‘glume-clipped
grains’ because of devevelopment of caryopsis with-
out restriction by the size of floral glumes (TAKEDA
1982). In this study, the leafy hull sterile (lks-1) was
demonstrated to have the same effect as ‘glume-
clipped’ treatment. M: and Lk-f showed effects on
both spikelet and caryopsis length in /hs-1 type.

Reduced culm number mutants

The first report of reduced culm number mutant in
rice was by Futsuhara and Yamaguchi (1963). In the
present study, four kinds of new mutants, N-133, N-
174, N-176 and N-175, were used for gene analysis.
N-133 was induced by gamma-ray irradiation from
A-5 Akamuro and N-174 by EMS treatment from
"Shiokari’. The other mutants, N-176 and N-175,
were also induced by gamma-ray irradiation from
two doubled haploids, AC-15 and AC-34.

Character expressions of N-133, N-174, N-176 and
N-175 were compared each with the original line
under both conditions in paddy field (low tempera-
ture) and plastic house (high temperature). N-133,
N-176 and N-175 showed one or two short culms in
paddy field conditions, while growth was restored to
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nearly normal in a plastic house. N-133, N-176 and
N-175 proved to be low-temperature sensitive. N-
174 showed a reduced culm number and normal plant
height under both the conditions in contrast to the
other three mutants.

Genic analyses and allelism tests were carried out
in paddy field conditions. Different recessive genes
were found to be responsible for the new reduced
culm number types. The genes of N-133, N-174, N-
176 and N-175 were designated as ren-1, ven-2, ren-
3 and ren-4(t), respectively. Inthe linkage analyses,
ren- 1 linked with three marker genes belonging to
chromosome 6 in the order of wx — C — ren~ 1 — fs-
1. In addition, rcn~ 2 linked with the marker genes
belonging to chromosome 4 in the order of Ph —
Pr — vem-2 — k-4

The genic interactions among reduced culm num-
ber, tillering dwarf and ’lazy’ growth types were
examined under paddy field conditions by using
experimental lines having rcn-1, ren-2, ren-3, ven-
4(t), d-3, d-4, d-5 (triplicate genes), d-10, d-14, d-
17, d-27 and la. It was shown that »m-1 was
epistatic to 7en-2, ven-3 and ren-4(t). Temperature
sensitivity of »cu-1 was higher than that of »cn-3 and
ren-4(t). In addition, »cu-1 was epistatic to d-3, d-
4, d-5, d-10 (tillering dwarf genes). The genic
interactions between rcn-2 and tillering dwarf genes
(d-10, d-14, d-17 and d-27) were additive for the
culm numbers, and a similar relation was recognized
between rcun-3 or rcn-4(t) and the tillering dwarf
genes. It was reported that the gene la for ’lazy’
plant type produces a defective effect on the synthesis
of L-tryptophan, a precursor of auxin (YAMAZAKI
1985). Double recessive type having »n-3 and la
showed an intermediate plant type between the two
genes.

Temperature sensitive mutants

A temperature sensitive mutant was induced in a
progeny of AC-85 (a doubled haploid plant) by
gamma-ray irradiation and maintained as N-172. In
the paddy field, N-172 always showed a haploid-like
feature characterized by dwarfness, small spikelet
and complete sterility, while a prominent recovery in
both plant vigor and seed fertility occurred under the
high temperature condition.

Genic analyses were carried out under paddy field
conditions. It was shown that a single recessive
gene, designated as d-58(t), was responsible for the

dwarf mutant. Further, two kinds of temperature
sensitive genes, d- 58(t) and rcn-1, showed an in-
dependent relation in the allelism test. In the lin-
kage analysis, it was found that d-58(t) linked with
fs-1 and Hl-a belonging to chromosome 6. The
order of loci was estimated as wx — C — ren-1 — fs-
1 — Hl-a — d-58(t).

To examine the temperature sensitivity of d-58(t),
N-172(mutant) and AC-58 (original line) were grown
under four different environmental conditions, paddy
field, plastic house, and growth chambers at 20°C
(low) and 28°C (high), respectively. The phenotype of
N-172 was modified prominently under high tempera-
ture condition. Plant type and seed fertility were
nearly recovered to normal in a plastic house and in
28°C growth chamber. A F, population (N-172 x H-
69) was grown in both paddy fields and plastic house.
The segregation of culm length was continuous in a
plastic house because of the restoration of plant type.
Thus, it was concluded that d-58(t) had temperature-
sensitivity.

In Mutant-1, various abnormalities of lemma and
palea were observed even within a single panicle. A
prominent fluctuation was recognized in the degree of
abnormality under different conditions such as green
house and paddy field. This character was caused
by a single recessive gene, designated as mlis-3(t),
which belonged to chromosome 4 in the order of [g —
Ph — Pr — mis-3@tt) — ren-2 — d-11 — lk-i.

To examine the effect of temperature, Mutant-1
was grown in growth chambers under two different
temperatures, 20°C and 28°C. Percentages of abnor-
mal spikelets were significantly higher at low temper-
ature. Seed fertility was also affected remarkably
by the low temperature.

The dwarf gene of Fukei 71 is allelic to d-12 from
Yukara dwarf (MURAl ef al. 1990). The internode
elongation of Fukei 71 is depressed in the high tem-
perature condition (KiTaANo and FuTsuHara 1981,
1982). In the present study, F, populations of the
reciprocal crossings between N-133 and Fukei 71
were grown both in paddy fields and plastic house.
In the paddy field, segregations of »cn- 1 and d-12
were observed and 7cn-1 was epistatic to d-12. On
the other hand, in the plastic house condition, segrega-
tion was recognized only in 4-12. Thus, rn-1
definitely indicated the nature of temperature sensi-
tivity.

In conditional mutants such as d-58(t), »cn-1 and
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mls-3(t), genic action can be modified by environ- important germplasm for genetic and physiological
mental conditions. Thus, these mutants may be researches.
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Plate 1. Three spikelet types, “Fusayoshi” Plate 2. Three spikelet types,“IRAT13”
(left), “Shiokari” (right) and N- (left), “Fusayoshi” (right) and
173 (middle), a long grain mutant their F, hybrid (middle).

induced from “Shiokari”.

Plate 3. Three spikelet types, H-343 (A7) Plate 4. Spikelets and grains of leafy hull
(left), “Fusayoshi” (Lk-f) (right) sterile (/ks-1) types segregated in
and their F, hybrid (middle). F, population of the cross, No.104

x H-726.
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A A. Tillering stage

B. Maturing stage »

Plate 5. Comparison of plant types between N-133 (left)and A-5 “Akamuro” (right) under paddy field condi-
tions.

Plate 6. F, segregation of spikelet types in the cross between N-135 (dp-2) and Mutant-1 (mis-3).
(From left to right ++,+ mis-3, dp-2 + and dp-2 mls-3)



