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Development of Male Gametophyte in Fertile and C.M.S. Line of Nicotiana tabacum
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A comparative study of the development of male pmetophyteinférﬁleandC.M.Slimobeodamtabacwnwasnude.mdcvebpnmt
of anther 1n the fertile ling was iperfectly nogmal whereas in the C.M'S line the four anther lobes were ab initio unequal; the anther tapetum
 was monomorphic; endothecium was devoid of fibrous thickenings and there was early degeneration of tapetal cells which probably was® |

| tn&mmn cause or ponen stenuty.
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Rhoades (1930) reported cytoplasmic male stgrility in corn
and explained its use in the production of hybrid seeds.
Cytoplasmic male sterile lines (C.M.S.) the laborious
emasculation process can safely be avolded. Clayton
(1950), Burk (1960) and Ramavarma et al. (1978) devel-
oped C.M.S. lines of of Nicotiana through interspecific
hybridization and studied the associated floral anomalies.
Chaplin (1969) and Sastry ef al. (1982) through repeated
back crosses from the male sterile line PDMS-1 of N.
tabacum L. (var. Hicks) incorporated cytoplasmic male
sterility to 8 devergent, elite flue - cured tobacco varleties
(including the variety - C.T.R.I-special). Sastry et al.
(1982) made a comparative study of fertile and sterile lines
for quality characters and yleld components. But for high
nicotine content and low reducing sugars, the fertile and
sterile lines did not show any difference. In this study the
sequential events of antber development and microsporo-
genesis in both fertile and sterile lines have been studied.

MATERIALS & METHODS The flower buds at various
stages of development were collected from the C.T.R.L experimental
farm at Katheru near Rajahmundry and fixed in FAA. Routine
methods of microtechnique were followed (Johansen, 1940). Sec-
tions were cut at thickness ranging from 6 - 9 W and stained with
Dclaficld’s hacmatoxylin.

OBSERVATIONS In the fertile line of C.T.R.I - Spe-
cial, the developmental sequence in the anther wall and
microsporogenesis occur normally. The anther s
tetrasporangiate with Basic type of wall development
(Figs. 2, 8 - 11). The secretory tapetum Is uniserlate and
dimorphic with uni- or bi-nucleate cells. The endotheclum
becomes multilayered and develops fibrous thickenings at

dehiscence (Fig. 12). The sporogenous tissue is 2-layered
and crescent shaped. Simultaneous cytokinesis in polien
mother cells results in tetrahedral, decussate and isobi-
lateral pollen tetrads (Figs. 13 - 15). The pollen grains are
globose, both tri- and tetra-aperturate with smooth exine
and shed at the 3-celled stage (Fig. 16).

In the cytoplasmic male sterile line beside certain floral
anomalies, several developmental abnormalities in the
male gametophyte occur. The five stamens bear petaloid
extensions on either side of the filaments and the connec-
tive extends beyond the anther lobes and develops a knob
giving the appearance of style and stigma, a phenomenon

called stigmatoidy (Fig. 1).

The anther lobes are quite unequal even from the 4-
lobbed stage (Fig.3). The development of anther wall
although follows the basic type, its different entities show
anomalies in their structure and behaviour. The tapetum
is monomorphic with 1- to 4-nucleate cells. The endo-

theicum is without fibrous thickenings.

Gametogenesis in the anther is associated with unusual
behaviour of the tapetum as given below:

(1) Precocious degeneration of the tapetum The tapetum

insome anther lobes degenerates immediately after its dif-
ferentiation, followed by the degeneration of the sporo-
genous tissue (Figs. 4, 17).

(2) Hypertrophy of the tapetum.The tapetum grows vig-

orously, becomes extensive, reaches unusual dimensions
and sandwiches the sporogenous tissue at different stages
of development: (a) Hypertrophy of the tapetal cells dur-
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Fig. 1. Fenile line showing normal stamens ‘and C.M.S line shé;aving
petaloidy and stigmatoidy of the stamens. (c = connective).

Figs. 2 - 7. Developmental abnormalities of the male gametophyte in
C.M.S line. 2. T.S. tetrasporangiate anther showing crescent
shaped sporogenous lissue in the fertile line. 3. T.S. tetra-
sporangiate anther showing unequal anther lobes in the CM.S.
line. 4. T.S. part of an aniner lobe showing degenerating sporo-
genous tissue. S. T.S. anther showing abnommalities in the four
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lobes. 6. T.S. part of an anther 10be showing hypertrophy of the
tapetal cells during pre-meiotic stage. 7. T.S. part of anther lob¢

showing hypertrophy of the tapetum during post-meiotic st26¢

(dp - degenerating pollen grains; dsp - degenerating sporogenoys
tissue; t - tapetum).
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Figs. 8 - 16. Stages in the microsporogenesis of fertile line. Figs. 17
- 21. Stages in the developmental abnormalities of the male
gametophyte in C.M.S. line. 8 - 12. T.S. pant of anther lobe
showing wall development. 13 - 15. Tetrahedral, isobilateral and
decussate microspore tetrads. Fig. 16. 3-celled pollen grains. 17
T.S. pant of an anther lobe showing degenerating sporogenous

tissue. Figs. 18, 19. T.S. part of anther lobe showing hypertrophy
of the tapetal cells during premeiotic stage. 20, 21. T.S. part of
anther lobe showing hypertrophy of the tapetum during postme;-

otic stage (cp - crushed pollen grains; dt - degenerating, tapetum)
en -endo thecium).
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ing premeiotic stage: The tapetal encroachment starts at
the sporogenous cell stage, resulting in the crushing up of
the pollen mother cells (Figs. 6, 18,19). (b) Hypertrophy of
the tapetum during post-meiotic stage: The radial elonga-
tion of the tapetum starts during meiosis resulting in the
crushing up of either the pollen tetrads or uninucleate
pollen grains (Figs. 7, 20, 21).

Further, the limited locular space of the anther is not
sufTicient for the differentiation and further development
of the pollen tetads and pollen grains.

(3) Intratapetal syncytium The radial walls of the tapetum

in some anther lobes break down, the contents coalesce
and form a structure called intra-tapetal syncytium. The
inner walls of the tapetal cells remain intact even at a later
stage.

These abnormalities are present not only in the different
anthers of the same flower but even in the four loculi of the
same anther (Fig. 5).

Structural abnormalities together with functional break-
down of the tapetal tissue as illustrated by its unusual
elongation, vacuolation and less dense cytoplasm and its
applied pressure towards the loculus make the pollen
sterile. Fertile pollen grains are never formed.

DISCUSSION A comparison of the development of the
anther wall and microsporogenesis in the fertile and cyto-
plasmic male sterile lines of N. tabacum (var. C.T.R.L. -
special) reveals that in the former, the developmental
sequences occur normally leading to the formation of
fertile pollen grains, whereas in the C.M.S. line a good
number of anomalies are present. Such anomalies have
been previously recorded by Chauhan & Singh (1966,
1968) in wheat and Cucumis melo, Overman & Warmke
(1972) in Sorghum and Horner & Rogers (1974) in
Capsicum annuum. Several variations in the floral parts,
such assplit corolla tubes, outgrowths on the corolla, apet-
alous flowers, petaloidy, pistillody and stigmatoidy have
been recorded by earlier workers (Goodspeed, 1954;
Burk, 1960; Ramavarma et al., 1978). In the present
investigation, the petaloid filaments and stigmatoid an-

thers are identical to the previous report of Goodspeed
(1934).

The cause of male sterility in C.M.S. line is due to the
abnormal behaviour of the tapetal cells.

In the CM.S. line where tae tapetal protoplast remains
persistent, fibrous thickenings are not developed on the
endothecium. This is in support of the statement made by

Decossard (1969) “that some substances present withjy th
tapetal cells inhibit the development of endethecia] thic e
enings”. Such a condition has been reportedin Alliup, Cep‘
and Beta vulgaris, Capsicum annuum, Cucumis melo, C:
curbita maxima, Datura alba, Rananculus "'“"'Catas‘

Sesamum indicum and Triticum aestivum. (Saini & D
1969 Chauhan, 1979).

)
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The role of tapetum as a nutritive tissue during microgp,.
rogenesis has been stressed by Vasil (1967) and Eichj,
(1971). But Heslop-Harrison (1972) opined that the abno.
rmal’ development and functioning of the tapetum coulq
easily upset the balance between the tapetum and t, '
sporogenous tissue resulting in the abortion of the latter,
The relationship between the abnormal behaviour of the
tapetum and disorganisation of the sporogenous tissue in
the C.M.S lines of Sorghum has been recorded by Over-.
man & Warmke (1972), Horner & Rogers (1974) iy
Capsicum, Cheng et al. (1981) in Oryza sativa.

In all these plants including Nicotiana, the tapetum shows
abnormalities such as formation of intratapeta
syncytium, thickened inner walls, high vacuolation, hy.
pertrophy and intrusion of the tapetum into the anther
loculus.” Probably, the thickened inner tapetal wall may
retain the nutrients rather than transport them to the
developing sporogenous tissue. I feel that precocious de-
generation and hypertrophy of the tapetum are reponsible
for the failure of development of fertile pollen in the
C.M.S. line.
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