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Anthers of the substitution line
K-11, showing male sterility.
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Fig. 2. Development of pollen grains
both in the male fertile and
male sterile lines.
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Fig. 3. Development of pollen grains in the
boro-cytoplasm male sterile tester,
1-127 and its maintainer, I-128.

B R UG EMBELHI L, EER & ol a7 -
7co Fig. 2R I3 WS niein, MARRHIL, T8
I 2 SR BIERROWRILT L A ERDH S
highrote, Tihbb, PR TERNOHEBHRE L4
T AR, TR 2 HBHILIRTH B = LG,
Eltote, #oTC, EEFOBERBREIIENORELY
DB OCTHLNC CHU S L B bR Lo
7co CHU FEXREFETEHOREBEPC R CHEShBTE
WHEOEBOL L oMEY iR - R L E LS
NBHR, LA, HEFBOR D TRV &
Bbh s, MO TRRIES OR{LEHHA R R B EE

TTRELZENFERY I VBHEIRTWEND, &)
B&RBOMED, 1B EHRFREBCHE L BT
BB 2 bhb,

LASER and LERSTEN® i Jiuf, AKE B
HOIER ROz 28, 1 BSRLIMR b 4
TELONRb oL HEVbOD, 2HKCETELLDL
LTKREY, IES ofikbF b, LL, s
DL LN, 3BRESDIDINTEAEHR R
WE5ThE,

ks, K-11 & 1-127 ofphnBibriae < Eic & %
T &3, WREEOMRRE S UTER T 5 Rk EERE
FOERMTHAHZ LD Eb—FKL, BEH< K-11 L I-
27T RRBOMIEY ¥ HTH EELTEV, ik, &
D IF 2T it isoplasmic line #HR L THRIAT 54
Erbs 5,

i -3

Bhutimuri-36 x #9500 Fiic, TEAKIE # K
BB & UCHBR Lac # %17 7c -, [Bhutimuri-36] @
MlaE s TEA9 B OB HTABMRFMEER L
L5, SELTHIMBERMTERE oo tce COBERR
T (K-11) &3 o B L boro HMETHM:ATHE
(I-127) % 7w — A% ¢ EF o PATRIEL, TEEHE(
ORRE B U RIS AR 21T 72 5 e

WARRFOTEML, 1EHIG 2B Es R
FErel@obht, TS 208Thabhbs &
PEE LI, UL, ThUBRRTEREOMASEDS
nT, BEVEIL LU, ek, BERRES 3 °¥
BHHOCHEREY — I Vic X DIERLPAMYRE L
FETHY, 0, LEERZAR e NEL, H
BT 0% o, o T, MBEHEERRBRCES
WCIER O BIRE AT 5 01k, fEROMR & HE
LG TEEE 2 p8liUEchr o L XL it

2 fx:o

Eil £33

FRETIE Sy, LDILSHBOSRTIELTTE -
TR E BB RER Lo CEEE R 5,
¥ 72, BBESEEAERIC D T, dh VS 2 BN AR 3
PHERREBEATEEE L CHPIRE A& b8k
CHRERS CEEREME R B b » B HERE
5, Fie, FAERIM I EER S R A S
EEROEROWG EBMER o, T TIFRUTESL
B#oBEYETS,



HILART-Ef: MREEEETRRC ST 2 00 R Lo MiasnEs 127

10.

11.

12.

13.

14.

5l B X #

CHu, Y. E, L1, Y. S, SHINJO, C. and L1, H.
W.: Hybrid rice breeding III. Cyto-histolo-
gical investigation of pollen degeneration in
anther of cytoplasmic male-sterile plants, Jap.
J. Genet., 47: 179-183. 1972

EDWARDSON, T. R.: Cytoplasmic male steril-
ity, Bot. Rev., 36: 341-420, 1970

WIRIAH : MREC L SBEEARORBEE F
B0, 10: 42-44. 1969

RE BFE 3. MERNORE BERE
2, 17 685-690. 1942

KINOSHITA, T., MOR1, K. and TAKAHASHI, M. :
Inheritance studies on cytoplasmic male ste-
rility induced by nuclear substitution —Genet-
ical studies on rice plant LXX— J. Fac. Agric.
Hokkaido Univ. 60 : 23-41

LASER, K. D. and LERSTEN, N. R.: Anatomy
and cytology of microsporogenesis in cyto-
plasmic male sterile angiosperms, Bot. Rev.,
38 : 425-454, 1972

yvv L &R ER: ARb¥s L oMias.
B & Hdk, BKE, AT 150-161. 1962
SCHOOLER, A. B.: A form of male sterility
in barley hybrids. J. Hered., 58: 206-211. 1967
SHINJO, C.: Cytoplamsic-genetic male sterility
II. The
inheritance of male sterility, Jap. J. Genet.,
44 : 149-156. 1969

BHRA: BRI AT 5 MRE N RN SR %
OBFge. 1. #E MR R E R MR O F R
B X UCHRBRECHT 2 LI b OLES, FEK
B A, 17 261-272. 1970

SHinjo, C.:
cytoplasms and

in cultivated rice, Oryza sativa L.

Distributions of male sterility-
inducing fertility-restoring
genes in rice. II. Varieties introduced from
sixteen countries, Jap. J. Breed., 22: 329-333.
1972

£ K R: FWEETEETHEMTE
108, b#Rr¥HARY, L, 1978
WILSON, J. A.: Problems in hybrid wheat
breeding, Euphytica, 17 Supl. 1: 13-33
WHERE: KEEHORFABEMNTE. 1IEH
OBET Lz ERBC>0T, BIER, 41:
320-334. 1972

p. 84—

Summary

1. A cytoplasmic male-sterile line, K-11 was
induced by the nuclear substitution method from
Bhutimuri-36 X Norin-9-go. The F;
plants of the said cross were backcrossed repeat-

the cross,

edly with ‘Norin-9-go’ up to SBg to produce a
substitution line which possessed the cytoplasm
of ‘Bhutimuri-36’ and the nucleus of ‘Norin-9-go’.

2. In order to investigate the cytological nature
on the development of the pollen grains in the
cytoplasmic male-sterility, the substitution line,
K-11 and the boro-cytoplasm male-sterile tester,
I-127 which was donated from Shinjo of Ryukyu
University were grown in the growth cabinet
conditioned with natural light at 27.5°C during
the day and 20.5°C at night.

3. There were no signs of abnormal behavior
both in

containing the tapetum until the binucleate pollen

the microspores and the anther walls

stage. Pollen grains developed normally from the
uninuclear to the binuclear stages and the division
of second pollen mitosis was completed subse-
quently both in the male-sterile and the male-
fertile plants.

4. At the trinucleate stage which begins around
4 days before the anthesis, the development of
pollen grains in the male-sterile plants were seen
retarded to those of the male-fertile pollens and
the diameter of sterile pollen grains differed from
normal ones remarkably until the flowering stage.

5. One day prior to flowering, the shape of pollen
nucleus in the male-sterile plants showed the fol-
lowing feature: Nucleolus of vegetative nucleus
maintained a round shape and was stained inten-
sively by aceto-carmine. Two sperm nuclei showed
an elliptical shape and faintly stained. They were
seen located adjacently.

6. On the basis of the observations, it was
concluded that the development of pollen grains
in the cytoplasmic male-sterile lines, proceeded
normally until the binucleate pollen stage and indi-
cated retardation of development during the accu-
mulation of pollen reserves 2 or 3 days prior to
flowering. These signs of abnormality are rare
in the cases of the cytoplasmic and nuclear genic
male-sterility and differed remarkably from the
results of the previous report using the same
material (CHU et al. 1972),



128

LR AT R A R F12% H2F

Comparison of pollen development between male-fertile (left) and male-
sterile (right) lines.

Pollen grains in one day prior to flowering, stained by the iodium potassium
iodide solution.

Transverse section of anther in uninucleate pollen stage, showing a normal
tapetal development in both of normal and male-sterile plants.

Late binucleate pollen stage, showing no difference between the both of
normal and male-sterile plants.

Pollen grains in 4 days prior to flowering, stained by iodium potassium iodide

solution.
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Plate 2.
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Comparison of pollen grains in the second mitosis between male-fertile and
male-sterile lines.

Metaphase in the normal plant (A-133).

Metaphase in the male-sterile p]ant'-(I—127).

Anaphase in the male-sterile plant (I-127).

Telophase in the male-sterile plant (K-11).

Comparison of pollen grains in the late trinucleate and mature stages
between male-fertile {left) and male-sterile (right) lines.

Normal pollen grains possessing the two wedge-shaped sperm nuclei in K-12(a)
and 1-128(c) lines: note the vegetative nucleus loosing the nucleolus.
Abnormal pollen grains in K-11(b) and I-127(d) lines: note the abnormal
sperm nuclei stained faintly and the nucleolus of the vegetative nucleus
stained intensively by carmine.
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