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Cytological Observations on Microspore Degeneration in
Cytoplasmic Male Sterility Induced by
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a, b: Chromosome association (91I) in diakinesis and metaphase

Fig. 1.
I of complete sterile plants (X 1000, X 1500).
c¢: Regular chromosome distribution (9+9) in anaphase I observed
in complete sterile plants (X 1500).
Table 1. Meiotic behaviours in complete sterile plants from the male
sterile lines (7-lines) induced by gamma irradiation and the
S cytoplasm strain (H-19 MS)
Chromosome configuration Chromosome distribution
at diakinesis or mataphase I at anaphase
Line c;l*‘t{)%elagfn 911 Others | No. of cells 9+9  Others No. of cells
H-19 MS S 43 0 43 51 0 51
7-60 Si-2 13 0 13 27 0 27
7-114 Si—t 38 0 | 38 25 0 25
7-130 Si—3 20 0 | 20 27 2(9+8+1) | 29
7-165 Si-3 16 0o 16 14 o | 14
1 i
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Abnormalities of microsporogenesis found in complete

sterile plants from different sources

a) Abnormality of tapetum

Type ofV Initiate stage of abnormality
abnormality Microspore
. . Observed
Line 1 11 111 Tetrad Early Middle Late plants
H-19 MS 493%) 258 0 1 5 9 15
(SP (65.6) (34.4)
7-60 618 226 0 9 8 1 18
(Si—2) (73.2)  (26.8)
7-114 592 138 .- 283 3 6 12 21
(Si—4) (58.4) (136) (27.9)
7-130 626 411 0 2 11 7 20
(Si-3) (60.4)  (39.6)
7-165 403 89 0 1 6 3 10
(Si-3) (81.9) (18.1)
b} Abnormality of microspores
Abortive stage
Microspore Observed
Line Early Middle Late Pollen plants

H-19 MS 4 9 2 15
7-60 4 10 4 18
7-114 2 5 10 4 21
7-130 1 6 4 20
7-165 1 0 8 1 10

1) I: Balloon type of tapetal hypertrophy, II: Hill type of tapetal hypertrophy, II1: Highly
vacuolated tapetal cells without conspicuous swelling.

2) Type of sterile cytoplasm.
3) Number of anther loculi.

The percentage is given in parenthesis.
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Fig. 2. Abnormalities of tapetum and microspores in complete

#

sterile plants with S cytoplasm.

a: Balloon type hypertrophy (X550).

b: Hill type hypertrophy (Xx550).

¢: Degeneration of tapetal plasmodium and microspores (X 250).
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Table 3.

Table 2 W30 < AR TOEREIPNEL L, #iE
CEEV CRPUSTRE & o /N TR e, #eE TN
hif & O TERIC B A O BERIER AL R,
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Mo plasmodium {LE 2T HE G L &L oD
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e Eas e N e L Ll S NN Y = e Y [ 3 Y
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Range of variation found in the microsporogenesis

in complete sterile plants with S;—4 cytoplasm

a) Abnormality of tapetum

Type oft Developmental stage?
abnormality Microspore
Plant No. I 11 111 Tetrad Early  Middle Late Pollen
7-114: 1 03 0 54 e X
2 0 0 55 - - X
4 0 0 48 s x
8 0 0 56 PR X
;15 1 5 38 s x
18 8 0 32 - y
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b) Reaction of starch by IKI in endothecium and middle layer

Developmental stage
Microspore
Plant No. PM.C. Tetrad Early Middie Late Pollen
7-114: 1 +4) + + — _5)
2 + + - - - -
4 + # + + +
8 + ++ -
;15 + + + +
;18 L+ # + + +
1) and 3) are as indicated in Table 2.
2) «—->: Tapetal abnormality, X : Stage of microspore degeneration.
4) —: No reaction, +: Small, + : Large.
5) Microspores are broken down at this stage.

Ndax
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Fig. 3. Abnormalities of tapetum and microspores in complete
sterile plants with S;—s cytoplasm.

a: Vacuolated tapetal cells without swelling (X 550).
b: Degeneration of microspores and highly vacuolated tapetum (X 550).
¢: Degeneration of tapetum with slight vacuolation (X 550).
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Summary

Meiotic behaviours and the abnormalities of
microsporogenesis with special reference to the
tapetum were investigated in the complete sterile
plants from four kinds of 7-line which are pro-
genies of the male sterile mutants induced by
gamma irradiations from H-2002, and these sterile
plants were compared with those of H-19 MS with
S cytoplasm in spontaneous origin. According to
the genetical relationships between the polien
fertility restoration and the male sterile cytoplasm,
each 7-line is possessing the different type of male
sterile cytoplasm such as Si—2, S;—3 and Si—4.

In the meiosis, there was no chromosomal ab-
normalities showing the association of nine bi-
valents and the regular distribution of chromo-
somes irrespective of the source of cytoplasms.

After the liberation of quartets, conspiquous
deformity of tapetal cells occurred in the complete
sterile plants throughout all kinds of 7-line and
H-19 MS.
were classified into balloon (type-I) and hill (type-
II) types based on the form of the tapetal plas-

The hypertrophy of anther tapetum

modium. Generally the two types existed in the
In addition
to this, a modificated type of the tapetum named

different loculi from a same plant.

as type-III was newly found in several plants from
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7-114. The tapetal cells surrounding anther cavity
enlarged radially without the formation of tapetal
plasmodium in this type. The feature rather
resembled to those of the Mendelian male sterility
which one of the authors found in a wild beet,
Beta maritima L.

The frequencies of type I, II and IIT loculi
differed significantly among the 7-lines and H-19
MS. The relative ratio of type I was highest in
7-165 while type II dominated in 7-130. It is also
noted that type 1II alone observed in the several
plants from 7-114. It implies that the different

mechanism on pollen sterility has something to do
with the cytoplasmic types which are responsible
for the expression of complete sterile plants.
The starch reaction in the middle layer and the
endothecium of the anther also correlated with
the type of tapetal abnormality. In the type III,
the starch disappeared before the breakdown of
young pollens indicating a reaction similar to those
of normal plants. Further studies are needed to
clear the cause of the variation on tapetal abnor-
mality by using the refined isoplasmic lines under

a controlled environment.



