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A RDOH BN EHROK E IR EELEVE
T, BEOPFEWERNZITC WRELLHBETHS
ZEnG, BESBELEOEREE 0B ELbI, %1
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LET %, i, SEEDRIOER s X 0'ERxfT LEHB)
HEBAHIHEEL L L LD EREEBEOFH «,
CRBREATIC T 72 S R B HREAK, HE]
ERICE L H@ILB LR 5,

MRE L URHE

PEEAORHIBATI RS X DA L THE ] EER
FHE TRIFPO S BORERE & DR EEOHN
TH% (Table 1 3 L o® Table 2), B irihbifE
TAELENBET L-f 24159, H-343 3 R1%4
B GG T M4t 5/ R, H-545 13 d-11
& Mi % bR E oRBE O RA TR TSN ORH
ThHb,

BRI 1980 415 5 1982 4EiT ot » TFF o 7oe HEERBE
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Table 1. List of the strains used

Strain Marker genes Gene for grain size
Fusayoshi An Lk-f
A- 5 Akamuro CBry A, Pry Re, Rd, I-BfF
A-32 Faren-bozu Ur
H-79 Linkage tester d-2, lg, la, be-1 d-2
H-343 do. Cho, A, Pr, wz, Mi Mi
H-545 do. d-11, Mi Mi, d-11
Table 2. List of the cross combinations used
Cross combination Generation Year
A-5 Akamuro X Fusayoshi F, 1981
A-32 Faren-hozu X do. F, 1982
H-79 Linkage tester X do. F, 1980
H-343 do. X do. F, 1980
da. do. X do. F; 1981
do. do. X do. Fs 1982
H-545 do. X do. F, 1980
I H-343X Fusayoshi
R ER ~ v ndal
1. Mi & Lh—f@lﬁﬁ(m%% Z 1w H-343 [‘usavoshi

H-33xBEHED F £ B X O F; %#i & Hb45x B
FHO Fo A AV CRROBERE I,

B D EHfE 1 H-343 ¢ 3.92mm, H-545 ©3.23 mm
TB#) ©807mm ThHY, KM & ¥ O F T H-
343 x E# T 5.80 mm, H-545x & ¢ 5.82 mm & 7c b,
FlidFh ZnmBioighiEr R L, ¥, F 4
FAoBEDOHESfi% Fig. 1 Wi L, L F o
SEHfER E— VoL, WEOFEHEA TR & T 5 MR
Ty Aid R L, H-343XFEHED F, 125 @D & — 2
PHEIEEL, H-545xB#D Fp Tl d-11 2 L 5984
BHEDBEN LR TELDOTCIREMLT, 6{HO
—IhRHERE, ULhl, d-I11BOBERELEL D
I, I H-3B X B oS MicSE Lk h 5D e — 2
Eled, —J, Fo ERHOPIR O R 14 Y Fo B
SAERRL, FEHEETC L5 B3 L5 fogie
Rilioh -7 (Fig. 2), H-343x B0 F, @it s
PR L EEEEAINTIT 3 L O L, Mk
10 E@BRET HBIE Lo,

oI, H33xF&EO F M & 0 72 @iEa 85 s
ah UG, Fs5R#t (1RHE 30 208 50 Rtkaatr) %

Frequency
(2]

10

(%)

Frequency
v

Fig. 1.

Grain length  (mm)

[ Normal type lvl H-545X }]"is%:\;«;shi
Ml -1 tvpe e

Fusayoshi
v

Grain length  {nm)

Frequency distributions of grain length
in F; populations of the crosses between
Fusasoshi and small grain strains (H-343,
H-545).
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Fig. 2. Frequency distributions of grain width

in ¥, populations of the crosses between
Fusayoshi and small grain strains (H-343,
H-545).

BRI, % Fs ZOWREOFHE ERHKENOER
DTS EOBMBCIAN Loy, & hd oBME
IThEZER P BWTH LS50 C— 74380 6 B3k
LCufe, &, FsROFHHEESEEDD F 0
LT AHEE L7 (Table 3),

TR H-343 LRROME (MR wEE Lz
IRH LR D, WETESY MiMi+ + LHEE LR,
5 11 B> 10 B0 ROSFEHfEA H-343 76 Ty oh

Table 3.

MG, RPN I TR Bl (H-343 3) : oo/l
(H-343 & Fy orpfdl): kB (Fy #2E) 10303 1:2:1 0
WL (Table 4), Lo, ZOHOWED
TR L ORELBEERETOMET 5 EAURE
hic, i, 581 EIETEOR & Rk L oo
FJHNBEL OV, RE - FEOC T TEEI o
BT HERIET An & Le-f 34 5] C 7.6% O G4
Lo THBLTWS, An & Li-f OR\EEBIGRA %
B AN B biE, An K XATEHOFELYE Uk o
PR T Mi OB RO R 5L, EHos
B2 A Uit Ci Li-f IR OERCBEEL T3
BEOHGTTRENEZ bR D, LT, § 1
DT Fo OBEFREARET B, Mi+ ++ &
MiMi Li-f + D2 0B E5MRH 5, LI F
KATCRILR O 12l C R E Uk L R# L, SPHER T
BETHIHPRENTECROBEREY RTBRFEY &
ATz, BERKOEETEL + + + 4+ & MiM:
Lieof Lk-f D 2D TR THBEEZLNBD,
DOEERMIFETHEE L & L b, BEOBETE
OREEEEE, B D 25 RT3 T Fy LA
IBCEREOSEEY R L, b B S8 LI &n
b, o OBGFEHEY F LRIULS Mi+ Le-f+ Th 5
EHEE L1z, 81V O 16 RFERMROFHEN F &
(B3] ofEch v, RHACraAR . 2Rk T
(Fi LTEHIoTME): REE (Fx) B) 4@l 2:1
DI CHME LT (Table 5), *7:, #IV B AR
TEFRBE & T BER AR L C ot & I Bogs
ERRCR ST 2B ETI, BB ERKETR
MiSpfERY, & fe =W BERIE T Lf o2 2
ERBE IR, Lo, 8B IVESRHDD F, t kit

Estimated genotypes of Fp individuals and the observed

frequencies of the F3 lines

F, genotype

T MiMi + +
MiMi Lk-f +
i Mi+ + +
MiMi Lk-fLk-f
B3 + + + F
Mi + Lik-f +
. Mi + Lk-fLE-f
W + + LEf +
v +  + Lk-fLkf

Total

F3 phenotype Obs.

Short, bred true 9
Intermediate-short, segregating 10
Normal, bred true 1
Long-short, segregating 25
Intermediate-long, segregating 16
Long, bred true 11
72
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Table 4. Segregations of grain length in Fs lines derived from
the group Il in F; population

Strain Phenotype Seg'regatlon mode in Fy

No. in Iy Short Interm. short Norimal Fotal 7z
34 1T 10 17 5 32 . 1.69
115 ” 8 17 6 - 31 0.55
126 ” 5 12 8 25 0.76
128 » 10 17 5 32 1.69
166 » 12 15 5 32 3.19
170 » 3 10 8 21 243
186 ” 6 12 12 30 3.60
277 » 9 18 4 31 242
280 » 8 12 6 26 0.46
283 » 4 15 12 31 4,16
Total . ‘ 75 145 71 291 011

Homogeneity: 72=20.83, d.{.=18, p=0.3-0.2.

Table 5. Segregations of grain length in F; lines derived from
the group IV in F,; population

. Segregation mode in F
Strain Phenotype greg 3 Total 2 (1:2:1)

No. in Fy Normal Interm. long Long

i\ 9 25 13 47 0.87
” 9 19 8 36 0.17
» 13 22 12 47 0.23
44 ” 11 25 7 43 1.88
68 ” 8 15 9 32 0.19
103 ” 6 8 1 15 3.40
131 ” 7 14 11 32 1.50
152 ” 9 15 7 31 0.29
157 » 5 12 7 24 0.33
174 ” 10 11 9 30 2.20
178 ” 7 13 10 30 113
188 ” 7 18- 4 29 2.31
260 ” 14 14 4 32 6.75*
273 ” 9 18 4 31 242
278 ” 8 10 9 27 1.89
284 ” 12 21 14 47 0.70
Total ” 144 260 129 533 1.16

Homogeneity : #2=2511, d. f.=30, p=0.8-0.7.
* Significant at the 5% level.
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DIEETRE Mi+ Lk-f Lb-f & + + Le-f + D218
BEZBND, BV RS BoRcEET 511
LMY, WIETHE % + + Lhf Lhf EfETEL
Foo LIEDRER LY, Mi & Le-f it HERHLTHEK
THAACNFRTE L 00, ThoDERINTIEEL
THBIRRE RT3 L Hx bh b, o
B, L Mk Le-f pOSrBAGRIC S B 70513,

Fo ClIBEIBENSE VHCELR BETHE 1:4:6:
4:10HCHEET Lz LSS, L LERD

Fspsttbcir, SIBLE VLR DERMERD,
Fothicsg T REE 8 IV Bl Eie o e, 88 I E
D5 HLOFEEREEE L TCOBERMEILIOFRMTH - DT
HLUT, Skl RELrREShiapote, 22T
M:i & Lie-f ogHBR AR L TR X b M
REMS B &, HRT241% OfExEi, Fa Rk
DOEIEEL 24.1% OBl X a W fEC R CHEAL
T, ok Mik Lek-f oBSRBIRIH b i S hic
(Table 6),

Table 6. Linkage relationship between Mi and Lk-f
. Goodness of fit
Phenotype I T il w v Total 12 o
0. 9 10 26 16 11 72
C.(1:4:4:1) 4,50 18.00 27.00 18.00 4.50 72.00 17.70 <0.005
C. (RCV.=24.1%) 10.37 13.17 24,92 13.17 1037  72.00 1.64 0.90-0.80

198245121, Mi & Lk-f OBSHBIRIC D TOBA
&+ 4+ BoRBEEERKERSC LO2 00
B 5 Fp M Fi AhE OB R & 7= LIk 90
I RCFRHE UCEE LI, b L Mi & Li-f 2
SIBIRIC B o 7oe X, Fo @ 294 Atk b FIREOK
£CRET B Fa Rifis 3675 Rfa I/ © ¥ 5, KK
DEERHEIE T R S e 5 BB IMAL Th 6 %H
CBEN o, Lichio T, Mi & Lk-f OMSABH
BT eHEshi, FREERRD S b, 2 RMIE
ECEE LT (Table 7), SEETF R ++ ++ T
HDTREVE N ED - 1,

Table 7. F; lines bred true to the medium
length (normal type) of grain (1982).

S Noof G lwth v
14 43 6.07+£0.11 An bred true
38 38 6.03+0.15 An bred true
56 48 5.73+0.14 segregating
104 48 5.68+0.13 an bred true
193 32 6.16+0.08 an bred true
33% 41 556+0.10  An bred true

*  Cultivated in 198L

2. Li-fickBRHROTE
Li-f D& B\ NL, Lef EBERIET ORTITH Fa 57
vz R B B e DRLR DS BE R H N,

(Bl L 3MORTRIE OB A T, BF
e F1oMERHES L O £HONEHES i %
Fig. 3 WiRkL7z. F1 DR A-5 kB xFE, A-32
BHESEXxEF TR BEoREhEMEE 7, H-79%
BEHETIE [FHF] ciivfisisstc, H-TIXEEHEDF,
TRBHEET -2 X 50 BERE Ui, EEH
L d-2BEXHLT, ThEhOHE S Frm LI,
F o fE iz cThd FL ERERMOH EAE
D2 AP — 7 EATE2ESME Y, 1D
SEWEET Lef OBET5 2 L2GRE W, —F,
Fy EROBIROBE R TR S HF T, Li-f 1250R
CIE LAY B LT LT\ eh ot (Fig. 4),

% Fr S5 B RO Bk (BB BEEE & 5
() (RO 2 BT 5 &, 3:1 ot X<
#a L (Table 8), & Fp ERic\C Lbf & d-2
DT RE L A TR ORIR LR O E S E T
(Lk-f* & 7oz Lhof™ d-27) w3 246580 (%) & LTK
BT Table 9 35 X0 Table 10 iR Lic, BB 2oW
TO2HER IO 4O RITA-5 X F, A-32x FH T
{3 LE-f> +, H-79x B Cit Le-f+ > Lk~f d-2>+ +
>+d-2 Linote, Lef 3ER RT3 AR
L, d-2 3 AL, & FERcku,
Li-f B (~F eBE &) vk L-f" Le-fM 8 (+2H)

CEIAHY 20 BRI A we, ¥, WECx5
{EHJIE Le-f s d-2 Lo RTh-1chd, TWHEE
FRc i BRI ta s o o, BECBIL Tik A5
X B, A-32xFE T Lhf>+, H-T9% B T
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w3 134
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e 5 _24
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Fig. 3. Frequency distributions of grain length Fig. 4. Frequency distributions of grain width
g y g g 8

in F; populations of the crosses between
Fusayoshi and tester strains (A-5, A-32,
H-79).

Table 8.

in F, populations of the crosses between
Fusayoshi and tester strains (A-5, A-32,
H-79).

Segregations of grain type in F; populations of the

crosses between Fusayoshi and tester strains

Phenotype Long Normal Goodness of fit
Cross combination Total
Genotype Lk-f + 72 (3:1) P

A-5XFusayoshi Obs. 218 68 286 0.23 0.7-0.6
A-32XxFusayoshi Obs. 231 83 314 0.34 0.6-0.5
H-79X Fusayoshi (+) Obs. 163 46 209 1.00 0.4-0.3
(d-2) Obs. 72 21 93 0.29 0.6-0.5
(Total) Obs. 235 67 302 1.28 0.3-0.2
Total Obs. 684 218 902 0.33 0.6-0.5

Hemogeneity: 12=1.53, d. {.=3, p=0.7-0.6.
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Table 9. Mean grain length in F, phenotypes
Grain type Long Normal
Cross combination Plant type Normal Ebisu-dwarf Normal Ebisu-dwarf
Genotype Le-f + Lk-f d-2 + + + d-2
A-5XFnsayoshi 7.8240.43D 6.57+0.22
(119 (100)
A-32X Fusayoshi 7.31+0.50 6.01+0.20
(122) (100)
H-79 X Fusayoshi 7.80+0.45 7.16-0.47 6.4940.19 6.03+£0.20
(120) (110) (100) (93)
1) Mean=£S8.D. (mm).
2) Percentage of that of normal type (+ +).
Table 10. Mean grain width in Fy; phenotypes
Grain type Long Normal
Cross combination Plant type  Normal Ebisu-dwarf Normal Ebisu-dwarf,
Genotype Lk-f + Lk-f d-2 + + + d-2
A-5X%Fusayoshi 3.79+0.12D 3.63:+0.00
(104 (100)
A-32XFusayoshi 3.66+0.16 3.45+0.00
(106) (100
H-79%x Fusayoshi 352+0.12 3.6810.15 3.41+0.13 3.57+0.01
(103) (108) (160) (105)

1) Mean£S.D. (mm).

2) Percentage of that of normal type (+ +).

Le-fd-2>+4 d-2>Lkf+>++ Lo i, Lkf &
d-2 OB ET R LSRN SV 00, HiEY
R2RRKT B FCE T,

3. Lk-f OFBEHEE

(Fl & 3EORERMONHAM S0 F % H
W, Lhk-f O 5T AR KOS L BEEMETC LD
IyHE L BT, EEEBIR AR L,

Table 11 i3 Lik-f & BLEREET MO ESH - M7 BY
GER U, ABHREXFEEDF, Tk A-5 AEETH
5T, F; Ti3AYE: 115 1olbicaLic, L
BoT, BEMRBTFOBRS T LB LN, A
WAl OREEE L F DI DRREL T olc b DD, Li-f &
An DRIz HE5| T 15.2% O 28 & h, B -
FERE o L AR (762) Lo K E V& ko
foo H-T9XFEH D Fo Tix Lh-f &8 X HE4E @ 77 &
T3 be-1 o4 —1) Lo 5] T192% o
B E S h, Foh@gEtRr Rl S ht, A-32
BEBEHR IO HE-T9 3 EbRE T THY, F i
TITH B LT 3: 1 G BEAIRE a b Do, FE
B AT EAN 2B R A Uicios, M flx &
WM ot, Ll An & Lk-f, An & be-1 i

WCOBI AR~ LT B, KM AR AL
D A2 01% KETHE & /s -7 (Table 12), L3
- C, MEBRIKRETH B, An, Li-f;, be-1 O 354
EFRIC L ESEBIRIEE L T\ F, Tods Li-f & CPr,
Ur(@& 1), d-2, lg G 1LEE, Re(EIVH) K10 la
(8 VI ) O&B#MEET L oMt F hEnih B
FATED DB Rtz (Table 11),

BH - FERE L [ 2 & D MERC, Le-f 13
FRES AR DI TRk OR &% 1.3~14 425 1,
ff&FE % 1.01~1.06 f5ic T 2 1EH &4 3 5 EEET
THDHZ LWL L, REBRBTh F, £H
AT, BB (Lk-f Lek-f, Lh-f +) CIXIEER (+
+) KEBASTHRE L2 6%, WiF% 1.03~1.06 f5i4
BUERTETAHC L u DT, Bk s L URA -
BB BNEM LA X 0, BRRETET LATRaN
BMORESIC I - TREShTSY, LA X 258
HICK EPOK & Ko TR RERICRE TS LB
zZbhd, T, BHERET, -2 3SEERLLCE
LB S &ARHBR T35, SEOEENE d-2
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Table 11.
in Fy populations

A-5XFusayoshi

Combined segregations between Lk-f and marker genes

Gene pair Linkage R.C.V. F; segregation Total Goodness of fit
A B phase (%) AB  Ab  aB  ab "™ Ratio 2 p
Lk-f CBr  Rep. 55.4 Obs. 170 48 48 20 286 9:3:3:1 1.95 0.60-0.50
” Re Rep. 49.2 Obs. 161 57 51 17 286 9:3:3:1 0.38 0.95-0.90
” An Obs. 212 6 54 14 286 45:3:15:1 2755 <.0001
Crop. 15.2 Cal. 20948 502 5865 12.85 286.00 0.69 0.90-0.80
A-32XFusayoshi
Lk-f  Ur Rep. 48.9 Obs. 169 62 62 21 314 9:3:3:1 0.76 0.90-0.80
H-79 X Fusayoshi
Lk-f d-2 Coup. 495 Obs. 163 72 46 21 302 9:3:3:1 6.69 0.10-0.05
” lg Coup. 4756 Obs. 183 52 50 17 302 9:3:3:1 2.35 0.60-0.50
” la Coup. 52.7 Obs. 182 53 54 13 302 9:3:3:1 3.05 0.40-0.30
” be-1 Obs. 204 31 21 46 302 9:3:3:1 7985 <0.001
Coup. 19.2 Cal. 200.29 26.21 2621 49.29 302.00 2.20  0.60-0.50
Table 12. Combined segregations in F, populations, indicating linkage
relationships between An and Lk-f, and between An and be-1
c binati Awn Total x2 for
s
ross combination An 1 ota independence
Lk-f 224 7 231
A-32xFusayoshi / 115.78%%*
+ 38 45 83
: Lk-f 219 16 235
H-79x Fusayoshi ! 80.53%#*
+ 31 36 67
. + 208 17 225
H-79x Fusayoshi 57.81 %k
be-1 42 35 77

**k " Significant at the 0.1% level.

EEUKHAA T, d-2 HRE PR U, WiEY
TN T A EREE L O, Eie, Lk-f & d-2
ORKREHTHIERE 2T B s iy, oL
ARMENCBI &5 = ERB LA &L 5T,

Mi i Lk-f i3 Rsbc L koR Sk 0.7~08 i+
LARELBUHERERT TH A M, SEIOTHER T L -
T, Mi& Li-f GRS UCHET 5 fEA L,
HEDIERIDBIEHER L T, Ld EAHEORE
nivz &, FREEETFOEMCER TS LA
binkfs ol Tois, Mi & Li-f OFTEIMK T 241%

OFBMT & b BRI S e,

RE - FEEO w XiuE, Lk-f & An 245 T76%
DOEBM AL > THBEL O, 2D An il An-1,
An=23 LT An-8 DWFRTH B RO
BFTHBMLRPTH - 122 KFEER BT H-79 X
BEDOFant, Likf b XIEBEBCHRT 5 b1
& DRz 19.2% o & % HEEIR, Al S his,
F e fl—0 Fo 4ERIc 3\ T An & Lk-f, An & be-1 0
Bl h 2 - GO 55 & LAVRE
N, LikeioT, Lb-f, An 3 L0 Mi it XU
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1 okl 2 RETSH 9

PR ETHIDEELZ BB, Tok SASTRY? 3, be-1
& An ORETIC 38.1% O i X %3 $8BE &9 T
Wk, COF X EEHTROTEET 2 45% An-8 &
2.

KEERTIL Lh-f & An-8 D HEEBREZFIAL T,
Mi % T Lk-f ~5 v B Fy k& Mi ~5 w T Lk-
FHREBO P BHLRIT 5 &0 5 & 5 GRETED
HEORBFE L LW, 20 X 51t An-3 13 Lk-f
DBELFI N REROBOIREL v B, —7, WiE
GFOHBEIEBL R &b, KB THOEERR
DOBRBHETH 5,

i 2

1) /MERHE (H-343 3 X o8 H-545) & KprafE (B
) OXHHEAEEEACT, RARRNF T 5&1E
FHWEiT, Mik Le-f OBZEHBEGREBELL
foo Mi & Le-f 3R LCaM K350 aefE B
T 5% TOERMRIRIEE L L, MM TV e,

2) Mi & LE-f ol 24.1% O < EEsEa G
R&ni, :

3) [HE] EBERMOZM A a0 A |

T, BIROBERE B, FotiMoo Lek-f B L EHHO
R, Lh-f GHIREH L2654 L, HiEd PR
TAHERYET L LML LT 5T,

4) FRBHBEET, d-2 1HEY R 257,
Li-f & o Btk s -1,

5) Lk-f LESBETFO—D> & OFOM S4B AR
Lic, %1, ik Li-f & be-1 @EWHF —1) Off
w2 19.2% O (i C HBBE R AL L, Lichis T
Lk-f, An-8 BXOMi B XIHER BT &
Y NN I o

3 R X B
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Summary

Genic analyses were carried out on the grain
type named as ‘Fusayoshi long grain’. In the
F, population of the cross, H-343 (minute grain)X
‘Fusayoshi’ (long grain), the frequency dictribution
of grain length indicated a conitnuous variation
having five peaks. It was estimated from the pro-
geny test in Fj lines that two incomplete dominant
genes, Mi and Lk-f, are responsible for the varia-
tion of grain length and the both genes inserted
their-actions in a reverse direction showing additi-
veness of the gene interactions. In this cross, it
was found that Lk-f links with M7 with the linkage
intensity of 24.1% in the repulsion phase. Under
the genic postulation involving the linkage rela-
tion, the observed segregation ratio of Fs pedigrees
satisfied the theoretical frequencies due to the
linkage relation between M: and Lk-f.

It is known that the linkage relationship exists
between Lk-f and An (one of the genes for awning)
with the recombination value of 7.6% (Takeda and
Saito 1980). In this experiment, the linkage rela-
tions between the both genes were confirmed
again in the crosses between ‘Fusayoshi’ and test-

-ers. In the cross, H-79x ‘Fusayoshi’, a new linkage

relation was detected between Lk-f and bc-1 (brittle
culm-1) with a recombination value of 19.2% in
coupling phase. Linkage relations also existed
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between An and Lk-f and between An and bc-1, three genes An-3, Lk-f and M: join in the elev-
respectively. Thus it was demonstrated that the enth linkage group.

Explanation of plates
1. Minute grains (H-343).
2. Normal grains (F; of the cross, H-343x ‘Fusayoshi’).

3. ‘Fusayoshi’ long grains.
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