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Table 1. List of the linkage testers used for crossings with N-76

Stock No.

Marker gene Character expression

H-9

Fig. 2. Various types of the spikelets

sterile’ mutant.

dy, bc “ebisu” dwarf, brittle culm

1103 A Chromogen, Activator, neck leaf, glabrous leal and

: | hull
H-120 CE A, P, Hia, Hly Chromogen, Activator, Purple leaf and pericarp, Hairy
edf (complemcntaly)
H-196 ds, CEv, A, Pl, Ha op~leaved dwarf, Chromogen Activator, Purple leaf,
. Hairy glume

H-143 gw, ghy green and white stripes, go l mll

H-190 Coo, A, Plv, =P, . Chromogen, Activator, Purple leaf, Inhibitor for Plw,
Hla, His - Hairly leaf (u)mpiementalv)

Table 2. Comparison of agronomic characters
between N-76 ‘long hull sterile’ and
the original variety ‘Sorachi’

Plant : 1w Opikelet
Strain height NO‘ of Heading - Afertility
tillers date )
N (cm) o (%)

N-76 97.8 23.0 119.1 0.7

Sorachi 99.5 18.1 112.1 97.4

difference 1.7 4.9 7.0 Qg 7k

number of days counted from seed planting.

* gignificance at 1% level.
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Fig. 1. Panicles of the ‘long hull
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Fig. 3. Grains of the ‘long hull sterile’
mutant in comparison with the
occured in the mutant. normal type (the extreme left).
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a: two pairs of elongated lodicules surround the stamen and pistils.

Fig. 4. Various abnormalities of floral organs.

of ovaries and the numeral alternation of stamens and pistils. e:

b, e, d: fusion
normal organs.
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wilizfb 3
35 Lo, IEF

Variation of ovaries and anthers in
spikelets of N-76 ‘long hull sterile’

L
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DRI

Ovaries per spikelet Anthers per spikelet

Number |
.~ Freq. % Freq. | %
1 220 731 2 0.7
2 58 19.3 45 15.0
3 9 3.0 84 27.9
4 14 46 83 276
5 47 158
6 |85 | 116
7 L4 ‘ 1.3
8 1o 03
Total 301 100 301 100

Fig. 5. Duplicated spikelets arisen from

i - the same rachilla.




HEOEAEA L R & i (Fig 4d), L% OFEIEN
D{Ess (Fig. de) L~ Tda-o MlEiie £E s 5 2
BB CH - 1o, DI, BHEPNCHEH Ly v
FERAE L, WAER KL S OOFLREHEME LT
5HEVCHIEMIEBEYETAEA L H -2 (Fig. b

FETBEEES RV 00, HELA4ChTRS
BT a4 L, DSEHRET oM EE L LT ol e

Fig. 6.

Various types of kernels occured in
the mutant, N-76, in comparison with
the normal one (the extreme left)
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Table 4. F, segregation of long hull sterility in the crossings
between N-76 and the tester strains

Cross Combi, Normal Sterile Total — Goodness of it
(+) ‘ {lhs) 12 d. f. | P B
N-76 x ‘Shiokari’ Eg(3: n p s | 08 s | 437 00 -0 | 0507
N-76x H-9 8<&U‘ 200 s 8. 1, 086 1 0805
N-76 % H-103 Q 3:1) L A o 013 1 07-08
N-76x H-120 Cuiy 1565 ié% 16900 L0881 0305
N-76x H-143 \ e 3:1) Sos | oo | as00 " 1191 110203
N-76 X H-190 e 31 %;,75 2213.25 24500 08%2 . 1 . 0305
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Table 5. Linkage relations between the gene for the sterility, /s and the genes
belonging to the 12th group, Hg (Hairy glume) and g/, (glabrous leaf)

Cross F; Segregation Recomb. Goodness of fit
Total " , P
d. f.

No. +7T 4+t IhsT Ilhst value (%) 12

Cross: N-76 (lhs +)x H-126 (4+ Hg): coupling

Obs. | 269 22 6
1 s 33 ! B o4x285 | 6483 3 0.05-0.1
Cal. | 25744 3581 3581 61.94
Obs. | 206 72 66 299 | ‘ |
1 8.2+354 3.135 3 | 03-05
Cal. | 21251 1174 1174 6301 ’
Cross: N-76 {/hs +)x H-103 (+ gfy): repulsion
Obs. | 51 15 15 9 90 | J
| 598:4.48 | 2444 3 0.3-0.5
Cal. 50.625 16.875 16.875 5.625 |
4. HRITHE
9 Hy  Ohs B T, BEEARAIIARMRZE AL
I
+ + } v, 2HOLMEA RO Fy kxAvT, Ffic
—_ k- . y .
f—s ” 5 BB ERBO WEEE 25 Fs [0 thRaER &
< o
. P I i £'3
Fig. 7. Linkage map of the 12th group showing ELf& o b, Table7 DU, $iF 59% DMARZH:
the relation of three loci. R hl, LU N-T6 239, 2 MRXZBOALLR

EWBE LB - 1

Table 6. Independent relationship between the gene for the sterility and
the marker genes representing seven kinds of linkage groups

T . . ! Goodness of fit for
Linkage . Gene pair ’ F, Segregation 1 - indep. segregation
rou Cross combi. i Total
group A B |AB Ab B ab 12 ! d.f. P
I N-76 X H-190 lhs C ‘ 138 34 66 ! 238 3.367 2 0.1-0.2
» X H~120 »ooon 91 30 35 13 ‘ 169 1.172 3 0.7-0.8
» XH-9 n dy 224 66 61 27 378 2.802 3 0.3-0.5
- » X H-126 « Pl 123 43 40 13 219 0.154 3 0.98-0.99
» X H-120 »  Ple 95 26 35 13 169 1.930 3 0.5-0.7
» X H-190 » oo 126 43 46 17 232 0.736 3 0.8-0.9
T (1) » xH-126 | » CA | 163 56 128 44 | 391 | 0078 |3 ‘ 0.99—1.0
]
v » X H-126 » dg 373 136 133 48 690 ’ 1.581 I 3 J 0.5-0.7
VI » X H-143 » gh 199 81 79 24 ’ 383 3.149 ! 3 0.3-0.5
- » X H-120 » Hla 92 29 31 17 169 4.265 l 0.2-0.3
» X H-190 »oo» 131 44 46 22 243 3.350 | 0.3-0.5
p:( » XH-9 ‘ »  bc 215 75 73 15 i 378 3.479 [ 3 ‘ 0.3-0.5
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Table 7.

Rate of out-crossings in Fj

lines bred true in the long

hull sterility

E %
TR HOMERT BT 2HEDON, “hiTHl
EEAR OGS RET OR BEERO D HfE Thhic

: '"Phenotype in I%} ! Rate of
Lm? 11\10' ——————— Total ! outcross 1, D A—3E LC Table 8 10 L. REFAICILAE
ot I3 . al i — - .
7 4 s Normal| () UET, BRI~ T = BRI CEE Y A e
N-76 X H-120 bR E b Ay, TORMEBEEBASREL T
o1 ; 10 7 ‘ 5 ATFRHER L O G T hTw5,
oes 2 5 o5 8 ARG ORBEARCHELT ARG 2 R T HE &
‘ | LT, BRAE (compact panicle sterile), BEIAN
13-3 ‘ 39 9 48 ‘ 19 .
o 4 (malformed lemma sterile), F{tRFa (paleaceous
N-76 x H-126 sterile) 73BT bR B, ZOH, ERARICALR
1 8 0 8 o 7ol 2 DIEB OTERE PHEOTRFE T X 5 RRREFA
- ! 0 . 0 ] 5 SB% (@G5 - 1951) 1143 & A E TR TRERREO
7-10
! 6 . ‘ 17 6 DAL BTRERIOITHoTe, T, METVA
-10 1 . .
51 ‘ ) | ° 11 O X BERERERT K] 0251 o4 5 VI8
- 14 0 4 e .
o | B X B LRI, MO EILAE LT, 20
N6 0 | 1 |0 FEBLH, TR, BEOBMNALE <D T
Wb (BRI -TEK 1973ab, 1974abe) 23, REVRIROFIC
Table 8. List of genes responsible for sterilities and aberration of glumes
Gene Name ’ Description Inheritance mode Reference
symbol ! (gene locus)
[A] genic sterility
as l asynapsis complete failure of chromosome pair- 3:1 69, 155
ing at zygotene and pachytene.
asa,b ”» . ” 9:7 186
ans awned sterile complete pollen sterile but functional 3:1 125
ovules, fully awned (male sterile).
bs barren sterile reduced leaf blades and short plants, 3:1 2
dimorphism for grains in a heterozy-
gous plant.
bs1,2 ” thin and long flag leaf and small pani- 15:1 191
cle with reduced spikelets.
cpsy compact panicle deformation and excessive develop- 3:1 133, 224, 228
sterile ment of palea, lemma pistil, stamen,
lodicule and ovules, high sterile.
cpsa » partly sterile, compact panicle with 3:1 61
long outer glumes or an additional
glume, deformed seeds.
cs complete sterile, degeneration of both male and female 3:1 106, 222
lax panicle organs, sparsely setting of spikelets
on the upper part of panicle.
dsg extremely small no viable pollen grains or embryo- 3:1 119
dwarf, complete sacs, fairly large percent of double
sterile ovules, a pleiotripic effect of the dwarf
gene.




Gene
symbol

daps

ds

Fes

gay

gax

gas

gay

gas

has

I-1, I-2

thd

lhs
lz,

me

mlsy 2
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Description Inheritance mode | geference

Name

(gene locus)

degeneration of

pistil

desynapsis

female sterile

”»

gametophyte gene

‘haploid-3’ sterile

balanced lethal

Lethality of inter-
varietal F, plants

inviability of F»
plants

leafy head

long hull sterile

lax panicle, partial
sterile

multiple embryos
(polyembryonic)

malformed lemma

absence of hairy structure of stigma
and the development of an additional
pistil.

normal synapsis at early meiotic phase
but failure of paring at diakinesis and
metaphase-I.

normal pollen fertility but unfunc-
tional ovules, very few seed stting (0-

10%).
Sterility is dominant over fertility.

differential fertilization caused by the
lesser viability of pollen grains pos-
sesing ga, responsiple for the F; seg-
regation distortion.

»

small sterile plant with the short pani-
cle and small spikelets.

persistent segregation into green and
yellow seedlings. Loss of either of the
two dominant genes rasults in chloro-
phyll deficiencies.

Complementary dominant lethals oec-
cured in F; plants of the crossings
between distantly related varieties.

lethal effect by complementary action
of recessive alleles in Fy of the cros-
sings between distantly related varie-
ties, a set of duplicate genes.

clump of leaves instead of a panicle,
dwarf, development of normal panicle
after short day treatment (10 hours).

deformity of floral organs character-
ized by long palea and lemma.

sparse seed setting.
plural embryos within a single ovule.

deformity of palea and lemma, high
pollen sterility (60-70%) and low seed
setting (10%), duplicate genes.

3:1
3:1
3:1
1:3

reduced fertiliza-
tion rate of ga
pollens

(I:36

11% from lopy &
29% from bc, (XT)

34% from lop, &
24% from bcy (XI)

20% from C &
34% from wx (I)

50% from C &
27% from wx (I)

3:1
3:1, 1:1
15:1
3:1
3:1
3:1
15:1

106

12,13

26, 261

195
50

139, 140, 141

139, 140, 141

81,109,139

81,109

61

76

167

174

41

238, 240

59, 86, 98, 190

230
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Gene Name Description Inheritance mode Reference
symbol (gene locus)
mp multiple pistils 2-7 pistils with 1-4 functional ovaries 3:1 24,37,93
(polycaryotic) in each spikelet, high rate of double 117,145,178
kernels.
MP1-3 »” » 15:1 63
54 : 10 5
msy male sterile spontaneous mutant. 3:1 27
: (T:27) :
ms ” complete or partial pollen sterilities. 3:1 22, 47, 48, 63,
Though the genes are not identified, or 184,194, 237,
monogenic and trigenic ratios are re- 45:19 239, 181
corded
msq ” partial sterility. Pollen restoration oc- | 3:1, 16:1, 57:7,| 214,215
msz-5 cures in complementary action of Msgz | 63:1, 249:7
Ms; or Mss Ms, and in the presence
of Mss. As a pleiotropic action, ms¢
is responsible for the dwarfness and
Mss shows tolerance for cold tempera-
ture.
nbs non-bearing of complete absence of spikelet in the — 149, 247
| spikelets panicle.
ops, open hull sterile incomplete closing of glumes caused 3:1 53
| by deformity of palea and lemma
prior to flowering.
ops, ” parted lemma and palea after bloom- 3:1 133,134
ing, high sterile and parthenocarpic
caryopsis.
ops3 ” incomplete closing of lemma and palea 3:1 105
by the pressence of secondary paleas
transformed from lodicules.
pas paleceous sterile supernumerary paleas replaced from 3:1 126
pistil and stamens, complete sterile. completely
linked with sts
ris rolled leaf sterile | leafy carpels as a transformation of 3:1 89
pistil, accompanied by absence of mid-
rib in the twisted leaf blades.
S 4142 intervarietal Fy gametes carrying a double recessive | 256% lethal by 160,171
sterility combination deteriorate during devel- | one set
opment (duplicate gametophytic lethal). | s41:-21% from
_Dorminant genes are called as ‘Game- | wz (I)
tic development genes’.
Sp1,m2 ” »” sm+18% from 160,171
wzx (1)
Se1,ce » ” s¢1--°33% from 171
wz (I)
SpLp2 ” ” sp1---16% from 171
bey (X1), sp1--15%
from Ig (II)
52 diplontic partial partial sterility in Fp caused by rece- 15:1 174
sterility in F, ssive combinations of the duplicate | (one set)

factors which existed separately in the
distantly related varieties.

s;---linked with
wzx (I)
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Gene
symbol

Name

Description

Inheritance mode
(gene locus)

Reference

S48 Intervarietal
hybrid sterility

shs shriveled stamens

slsi,2 slender leaf sterile

5§ semisterile

ss ”

sS »

SS1,2 ”
(ITIAA)

ssk malformed
semisterile

sts staminoidal sterile

T'st Tolerance for
sterility caused by
low temperature

Tst1,2 ”

Gametic lethals controled by the du-
plicate genes S4S4 and the other sin-
gle factor pair Sy, The gametic con-
stitution of Sa4S4Sp, S4s4Sz and
sasasp are abortive.

pale white, small anthers devoid of
pollens (male sterile).

persistence of the segregation in the
partial sterile type during 12 years.

lethal in both male and female ga-
metes, persistent segregation in semi-
sterile plants (possible to interprete as
reciprocal translocation).

lethal to female gamtes, persistent
segregation in semisterile plants.

Half of female gametes are only ca-
pable of fertilization and the majority
of ss gametes lack the ability of ferti-
lization.

parial sterility appearing bred true
but small number of fertile plants
occurring by reversion.

In the pedigrees of fertile and partial
sterile plants, the ratio of both forms
are extremely variable.

large grained, partial sterile, A certain
number of normal plants and panicles
are produced somatically. Gene rever-
sion also occures in germ cells.

Semisterility behaved as a dominant
trait, governed by a series of duplicate
dominant genes regulated by an in-
hibitor-antiinhibitor genetic system.

malformed spikelets and partial sterile.

supernumerary abortive stamens trans-
tormed from stigma, accompanied with
leaf rolling, multiple allelic with roll
leaved fertile.

Tolerance was tested in the paddy
field irrigated with cold water (14°C).

Tolerance for the tapetal hypertro-
phy caused by low tempeiature, com-
plementary genes.

50% lethal

725 :275
(@ factorsp

1:1

variable

-3
= W
(3]

3:1
7% from Pl (II)
3:1

continuous var.
(5-7 factors)®

9:6:19

36,93

106

104, 106

47,147

241

127

67,87

65

248

27

124

23,227,246

199

sterility

[B] cytoplasmic-genetic male

[cms- cytoplasmic factor
boro} | inducing male

sterility

introduced to Taichung 65 (Japonica)
from Chinsurah Boro II (Indica) by
successive back crossings.

217,218,219
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Gene Name Description Inheritance mode Reference
symbol (gene locus)
RA Pollen fertility effective for both [cims-boro] and [cms- 1:1 217,218,219
restoration lead], gametophytic, distributed in 04% from 220
aman and boro varieties (Indica). SfL(Chr. C®
[crms- cytoplasmic factor | introduced from a Burmese variety 250
lead] | inducing male ‘Lead rice’.
sterility
Rf; Pollen fertility effective for [cms-lead], derived from 1:1 220
restoration Japonese variety ‘Fukuyama’, gameto-
phytic.
[ems- Cytoplasimc factor| male sterility arisen from combination 254, 255
akebono] | inducing male with the nuclear constitution of O.
sterility glaberrima, W 0440.
Rf; Pollen fertility effective for [cms-akebono), sporophytic. 3:1 254, 255
restoration
[C] Aberrant glumes
Bd Beaked lemma Tip of lemma bends like a beak. 3:1 103,152
(XII Ind.)®
cls cleistogamous Spikelet opening are inhibited by an 3:1 136,137
spikelet union of palea and lemma. a pleio-
tropic effect or complete linkage with
dy.
clw claw-shaped lemma curves over abbreviated palea. 3:1 88,133,224
spikelet 230
Da Double awns An awn develops on both lemma and 64,133, 224
palea. There are variations in the
different panicles in the same plant.
dap, depressed palea underdeveloped palea. 3:1 105, 108, 118,
(I:24) 121,131, 210,
231
dpz ” » 3:1 53,108
eg extra glume an extra long glume between palea 3:1 53
and empty glumes. (111 : 0)
g long empty glume | empty glume of exceptional length 3:1 60, 120, 133,
nearly as long as lemma and palea. (IV :14) 135,137,177
81,2 »” ” , duplicate genes. 15:1 11
Su-g Suppressor for Uneven long type, long glume in palea 1:3 135,137
even long empty side in spite of a short one in lemma | (even : uneven)
glumes side.
Gm Long empty glume| incomplete dominant over the normal 1:2:1 58,187
short glume.
gi irregular empty multiform enipty glumes (even, uneven 3:1 230
glume long, and no empty glumes) are mixed
in the same panicle.
lgt long twisted tip of lemma and palea are slightly 3:1 30
grain (spikelet) twisted. 16% from

dys (I1T)
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Gene . Inheritance mode
symbol Name Description (gene locus) Reference
Imx long extra lemma | Spikelets exhibit the extra length in 3:1 58
lemma or have an extra glume be-
tween lemma and outer glume.
imz, » Extra lemma exists in either or both 3:1 93, 94,95
sides of the spikelet. the precentage 63:1
of abnormal spikelets varies widely
with both varieties and year. called as
‘polyhusk’.
Ip1,2 long palea Palea outgrows the lemma, duplicate 15:1 245
genes. 30% from
g (V)
Lpe,s | Long palea Palea protrudes beryond the lemma 9:7 103,192
tip, dominant complementary genes. (VII Ind)
o open hull, narrow | lemma and palea failed to close after 3:1 89
leaf blooming, accompanied with narrow
leaves, claw-shaped small grains.
op over developed abnormal development of palea. 3:1 51
palea (X1 : 41)
tri triangular shape of| Spikelets appears triangular because 3:1 54,120,133
lemma and palea of deformation.
1) Linkage group and gene locus.
2) The segregation ratio is explained by assuming two factors.
3) Estimated by partitioning method and Mather’s biometrical method.
4) The segregation ratio of tapetal hypertrophy; none or sleightly
(0-1): medium (2-8): prominient (9-11).
5) Chromosome C is denoted by IWATA et al. (1970).
6) Linkage group in Indica rice.
7) *Data shown in the present paper.
8) Key literatures on genetics and linkage groups.

6, 7, 8, 17, 81, 103, 128, 132, 133, 137, 138, 191, 226, 229

Table 9. Articles on the chromosomal sterility and the intervarietal
hybrid sterility

Item

Description

Literature

[A] Aberration of chromosome numbers

Haploidy spontaneous 82,110,111,148,188
anther culture 153,154,175
cytological behavior 25, 38, 39, 40, 114, 260

Triploidy spontaneous 143, 189, 216
cytological hehavior 44,115, 185, 193, 207

Tetraploidy spontaneous 116, 144

3, 18, 80, 90, 161, 223
99,116, 173, 196, 225
113,122,166
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colchicine treatment
cytological behavior
gene segregation

character expression
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Item Description
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radio sensitivity
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irradiation
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Trisomy induction

linkage analysis

75, 256

45, 62, 70, 72, 98, 185, 202, 208
45,71, 73,129, 155, 179, 211

154, 249

45, 61, 62, 70, 71, 179, 185, 207, 262

primary trisomic types | 43,52,72,142, 146,207, 251, 252

55, 56, 252
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linkage analysis
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62, 69, 71, 186, 258
12,13,102

14, 31, 46, 71,92, 123, 129, 155, 179, 183,
209, 211

9, 32, 34, 49, 156, 1567, 158, 172, 206, 221
10, 35, 53, 54, 156, 157, 205, 206
4,15, 39, 40,42, 74, 97, 98, 150, 179, 180, 197

[C] Intervarietal hybrid sterility

Crossing affinity
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Tetraploid hybrid
Structual hybridity
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Cytoplasmic effects

71,178, 96,130, 163, 168, 242, 257

16, 36, 57, 160, 167, 169, 170, 171, 174
19, 100, 101, 165

28,29, 91,107, 201, 212, 213, 259

20, 21, 33, 253

79, 83, 84, 85, 200, 201

[D] Miscellaneous sterility

Effect of low-temperature

Effect of high-temperature

1, 66, 159, 198, 203, 227, 243, 244
176, 204

Key literatures; 6,7,112,128,132,151,182,191
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Summary

A high sterile mutant, ‘long hull sterile’ was
discovered in a population of the variety ‘Sorachi’.
This mutant form was characterized by leaf-like
transformation of the lemma and palea and vari-
ous malformities of floral organs.

The spikelet has elongated palea and lemma
lacking an occlusion. Allthough the palea is usu-
ally longer than the lemma, one of them is lack-
ing in some spikelets, while the empty glumes
undergo normal development. In the winter sea-
son, the mutant produces spikelets which trans-
form to vegetative proliferations composed of
many leafy glumes without a pistil and stamens.

As to the description of the abnormalities, it
was noted that lodicules, stamens, pistils and
ovaries were overdeveloped, while deformation and
fusion of floral organs and spikelets showed a
remarkable appearance. Considerable abnormali-
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ties occured in the ovules may be the cause of the
sterility although the pollen grains were functional.

Genetically the mutant form was controlled by
a single recessive gene, /ts. The linkage analysis
indicated that the gene, /hs belongs to the 11th
linkage group tn the order of gh—Hi—/lhs. In

addition, the floral structure promoted out-crossing
showing 59% in maximum in the F3 lines bred
true to the ‘long hull sterile’ type.

The authors tabulated the nature and inherit-
ance modes of genes on the sterilities and aber-

rant glumes as a reference for genetical studies.



