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Histochemical studies on the cytoplasmic male-sterility of some crops

1. Changes of carbohydrates and amino acids in anthers
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Reaction of reducing sugar by Fehling’s reagent in respective

growth stage of maize anther in 1966 and 1967

Deve’lopmental stage of anthers™*

P Reducing sugar PMC !
E3
Fype reactjon*** ,[' s
—0 1
+1 3 5
+2 6 2
F #3 6 2
H4
average 220 1.50
—0 5
1 ! 2 6
42 2 4
5 #+3
w4
average | 0.75 140
Note : * F: fertile
S: sterile
¥ PMC: pollen mother cell
T: pollen tetrad
MS: pollen microspore

P: mature polien

**F  — . no precipitation

stokokok observation in 1966

- EFE A4

observation in 1967

T CMS P
1 T T ‘ T il
| , L
; ;
i |
4 i 1
3 3 6 ‘ 2 7
8 3 3220 [ 12 11
372 2.90 384 400 ‘ 373 361
2 \
4 1 ‘ 1 f 4 1
3 3 9 ‘ 4 1
8 3 13 9 | 6 7
4 3 7 ‘ 111
e ‘ - [ — -
238 2.80 952 315 | 226 340

trace amount of preciptiation
small amount of precipitation
middle amount of precipitatian
large amount of precipitation
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Table 2. Reaction of reducing sugar by Fehling’s reagent in respective growth
stage of sorghum anther in 1966 and 1967

Development stage of anthers**
Type* Reducing sugar PMC T MS P
ype reaction***
I T Aok I o I I T i
—0 10 6 2 4
=1 5 14 8 12 1 2 1 2
+2 17 3 20 4 10 5 15
F #3 2 1 3 10 20 16 2
#4 7 9
average 0.33 138 1.21 1.56 2.60 2.87 3.06 200
-0 9 6 5
+1 5 7 10 8 1 5
+2 1 13 1 11 7 10 8 9
S #3 5 18 8 16 11 6
H#4 1 11 12
average 0.46 154 0.75 231 253 297 312 205

Note: Symbols are the same as in Table 1.

4 .
4.
3-
3_
s
B
5 S
5 e
: 57
2 A
3 S
N
] .
—@— fertile 1966
Ul / —-A—- fertile 1967
d --=-O---- male-sterile 1966
—x—- male-sterile 1967
0 1 1 1 1
v PMC T MS P Stage
n 1 1 1 1
v
PMC T Ms P Stage Fig. 2. Average intensity of reducing sugar
Fig. 1. Average intensity of reducing sugar reaction in sorghum anther during the
reaction in maize anther during the developmental stage in 1966 and 1967.
developmental stage in 1966 and 1967. Note: Symbols are the same as in Table 1

Note: Symbols are the same as in Table 1. and Fig. 1.
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Table 3. Starch reaction by IKI in respective growth stage of maize
anther in 1966 and 1967
Developmental stage of anthers**
Type* Starch PMC T MS i P
actl sfoksk N - T -
reaction T apees T | S S
-0 \ 6
42 11 14 3 5 5 25
r #3 5 1 315 0 14 8 2
4 ‘ 9 20 19 116 8
average 231 176 340  3.37 3360 1.63 i 4.00  3.93
~0 1 2 ] 10 16
i1 1 6 ; 11 6 32
42 11 3 218 ; 6 23 2
S #3 1 6 28 36 4
#4 12 3 7 i
average 200 1.20 350 284 281 172 0.37  0.72
|
Note: Symbols are the same as in Table 1.
Table 4. Starch reaction by IKI in respective growth stage of sorghum
anther in 1966 and 1967
Developmental stage of anthers**
Typek Starch PMC T MS | P
yi reaction®** T B - . ‘ﬁ T T
T R T 1r ‘ L ir I 1T
0 | |
=1 \ 2 14
+2 2 13 724
Foo #3 213 13 18 62| 2
} 4 B2 9 A
; - \ T e - o e e
} average ! 3.86  3.67 286 290 2.26 1.70 1 393  4.00
-0 § 4 1 9
+1 1 2 6 18 13 11
+2 | 42 8 18 « 18
S #3 | 16 9 7 6 1
w4 ’ 24 ‘ 1
average | 331  3.60 202 | 1.35 153 055
. . L

Note: Symbols are the same as in Table 1.

2.46
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Fig. 3. Average intensity of starch reaction in Fig. 4. Average intensity of starch reaction in
maize anther during the developmental sorghum anther during the develop-
stage in 1966 and 1967. mental stage in 1966 and 1967.
Note: Symbols are the same as in Table 1 and Note: Symbols are the same as in Table 1
Fig. 1. and Fig. 1.
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Fig. 5. Tracings of paperchromatograms of B TEIE I & <o LU B L X R s o 7oy
amino acids in anthers, inflorescences
without anthers and leaves of fertile %= =

and male-sterile plants.
[. maize fertile 1I. maize male-sterile A B L X XIS TAFEORIZ BT 2 Ko i

Il sorghum fertile IV. sorghum male-sterile IZOWGTHE L, IR CIRD REC s » TR
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Summary

In order to clarify the common physiological
causation responsible for the cytoplasmic male-ste-
rility among various crops, the authors are conduc-
ting the histochemical studies on the male-sterile
lines in comparison with their maintainers. The
present paper describes the results of the observa-
tion on maize, Zea maize L., and sorghum, Sorghum
sativum L., which inherit the male-sterility through

the cytoplasm in cooperation with chromogene.
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Reducing sugar in fresh anthers smeared on slide
glasses was detected by means of Fehling’s reagent
under the microscope. In the both crops, the amount
of reducing sugar increased gradually as the age of
anther advanced, and no difference in its content
was found between fertile and male-sterile lines
during microsporogenesis.

Starch grains in fresh anthers smeared on slide
glasses were detected by means of IKI solution
under the microscope. A large amount of starch
grains was observed in the both lines of respective
crop, and they were found to be located in the
endothecium and parenchyma. At the age of anther
advanced, they gradually decreased, but they kept
remained still at anthesis in fertile lines of respective
crop. On the other hand, male-sterile lines lift no
traces of them in anther tissue at anthesis. Detalied
observations revealed that in fertile line the starch
grains were located in pollen grains.

Examination of paper chromatogram of free amino
acid showed that the nearly matured anthers of
respective crop had the proline, which could not be
found in other flower parts and leaves. The male-
sterile line of respective crop never possesed this

amino acid even in anthers at anthesis.



Plate 1

Starch reaction in anther tissue of fertile and male-sterile maize.

A. fertile; pollen mother cell stage (x400)
B. male-sterile; ibid.

C. fertile; pollen tetrad stage

D. male-sterile; ibid.

E. fertile; pollen microspore stage

F. male-sterile; ibid

G. fertile; mature pollen stage

H. male-sterile; ibid.
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Plate 11

Starch reaction in anther tissue of fertile and male-sterile sorghum.

fertile; pollen mother cell stage (x400)
male-sterile; ibid.

fertile; pollen tetrad stage

male-sterile; ibid.

fertile ; pollen microspore stage
male-sterile ; ibid.

fertile ; mature pollen stage

male-sterile;  ibid.
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