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Changes of RNA synthesis in Anther Wall
of Brassica napus during Male Gametogenesis

Kim, Moon Za’
Deparmment of Blology, Mokwon University, Taejon 301-729, Korea

The distribution of RNA in the anther wall of Brassica napus during male gametogenesis
was followed by *H-~uridine autoradiography. Silver grain (SG) density was not above background
in the anther wall just after microspore was released from tetrad callose wall. Significant accu-
mulation of SGs occurred in tapetum, endothecium, and epidermis before microspore vacuola-
tion. Accumulation of RNA in the tapetal cells was peak before the vacuolation occwrred in
the microspore. With the onset of tapetal senescence at the partially vacuolated microspore
stage, SGs decreased and they completely disappeared in the tapetum at the bicelled pollen
stage. Accumulation of RNA in the endothecial cells was peak after the microspore mitosis
and continued just after the generative cell mitosis. Appreciable SGs also occurred in cells
of epidermis from nonvacuolate microspore stage to bicelled pollen stage. During this period,
SG density was almost same and was not high as compared with tapetum or endothecium.
At tricelled mature pollen stage, no incorporation occurred in anther wall. SGs were found
mostly over the nucleolus and chromatin of the cell nuclei.
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In most angiosperms the anther wall consists of
the epidermis, endothecium, middle layer(s), and ta-
petum. Tapetum, the innermost layer of anther wall,
completely surrounds the sporogenous tissue and is
of considerable physiological importance because all
the food material to the sporogenous tissue must
pass through it. It is generally assumed that the ta-
peturn was involved in pollen development (Echlin,
1971). During the early stages of anther development,
tapetal cells are characterized by densely staining
cytoplasm and prominent nuclei, while at later sta-
ges they become enlarged and multinucleate and
polyploidy. Eventually, the walls of the tapetal cells
break down, followed by migration of the contents
into the anther loculus (Bhandari, 1984). The middle
layers are generally ephemeral and become flattened
and crushed by meiosis in microspore mother cell.
The endothecial layer attains its maximum develop-
ment when the anther is ready to dehisce for the

*Corresponding anthor: Fax +82-42-221-9717
© 1995 by Botanical Society of Korea, Seoul

25

discharge of pollens. During the maturation of an-
ther, the endothecial cells acquire thickenings and
the fibrous bands arise chiefly along the inner ta-
ngential walls (Bhojwani and Bhatnagar, 1979; Bha-
ndard, 1984).

Besides their traditional role in the production of
male gametophyte, anthers are important in the re-
generation of microspore embryo by anther or mic-
rospore culture (Aruga and Nakajima, 1985; Ragha-
van, 1986, for review). Especially the presence of the
anthers in the initial stages appears to be important
(Tyagi et al., 1979; Kasha et al., 1990). Some workers
(Kohler and Wenzel, 1985; Ziauddin ez al., 1990) con-
cluded that some factor(s) coming from anther walls
might induce or stimulate microspore embryogenesis
in the initial period of anther culture. Thus, the an-
ther provides an interesting system for examining
the control of gene expression during cell specializa-
tion in the wall layers.

Recently the advent of molecular genetic techni-
ques has provided the incentive for much work on
the cloning and identification of genes that are exp-
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ressed during the development of the anther. Several
research groups have been studying gene expression
in anther development (Mascarenhas, 1988, 1990),
and tapetum-specific genes have been described in
tobacco (Goldberg, 1988; Koltunow et al., 1990), to-
mato (Smith et al., 1990), and Brassica (Scott et al,
1991; Theerakulpisut et al, 1991; Shen and Hsu,
1992). More recently, it has been demonstrated that
male sterility can be induced in tobacco (Koltunow
et al, 1990; Mariani et al, 1990) and Brassica (Ma-
riani et al., 1990) using chimeric gene containing a
tobacco tapetal cell transcriptional control sequence
(TA 29) in conjunction with various cell disruption
genes. Nonetheless, biochemical analysis of the an-
ther wall is limited by the heterogeneous nature of
its constituent cells and by the difficulty of isolating
them. For some purposes, the use of cytological me-
thods for the detection of macromolecules in squa-
shed or sectioned preparations offers a way to over-
come these difficulties. This technique has become
a convenient tool to identify specific tissues and cells
that harbor specific messages in multicellular organs.

A few words about terminology arc appropriate
here. Although the terms “microspore” and “pollen
grain” have been used interchangeably and synony-
mously in the past, I will use the term microspore
in this paper to refer to the product of meiosis of
the microsporocyte. The microspores released from
the callose wall of the tetrad later divide mitotically
(microspore mitosis) to form pollen grains with a
large vegetative cell and a small generative cell, and
later the generative cell divides (mitosis of generative
cell) to form two sperms.

As part of an effort to study the possible role of
anther wall during male gametogenesis and micros-
pore embryogenesis *H-uridine incorporation pat-
tern in the anther wall of B. napus during male ga-
metogenesis has been followed by autoradiography.
For orientation, the cytological changes in anther
tissue that occur during male gametogenesis have
also been investigated.

MATERIALS AND METHODS
Plant material

Plants of Brassica napus L. cv Topas were raised
from seeds in a growth chamber at 22T under a
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photoperiod of 18 h provided by fluorescent and
incandescent lights (12,000-13,000 luces at pot level)
and allowed to flower under the same conditions.

Permanent preparation

Anthers containing microspore and pollen at dif-
ferent stages of development were dissected from flo-
wer buds and immediately fixed in 70% ethanol-
acetic acid (3:1) for 24 h. The fixed anthers were
dehydrated through 90 and 100% ethanol, n-propa-
nol, and n-butanol, and embedded in glycol metha-
crylate (Feder and O'Brien, 1968). Anthers were sec-
tioned longitudinalty at 7 ym thickness on a rotary
microtome equipped with a steel knife. Sections were
attached to slides with drops of water and after drai-
ning off water, slides were dried for several days at
room temperature. To follow normal development
of anther wall, a set of slides was stained in 0.1%
toluidine blue for 20 s, rinsed in water, and mounted
in Euparal.

Autoradiography

To monitor the incorporation of *H-uridine into
cells of anther wall during male gametogenesis, iso-
tope treatment and autoradiography essentially fol-
lowed the method of Raghavan (1982), as modified
in this laboratory for use with plant materials (Kim.
1993). In the protocol followed here, anthers were
dissected from flower buds and immediately immer-
sed in the Murashige and Skoog's basic medium
supplemented with 10 pCi/mL *H-uridine (specific
activity 29.7 Ci/mmol; Amersham Corporation), and
incorporation of the isotope into cells of anther wall
allowed to proceed for 2-4 h. Following this, anthers
were washed in unlabeled precursor (10 mg/L. uri-
dine), and fixed in acetic-alcohol. The fixed anthers
were processed for microtomy as described earlier.
For autoradiography, unstained slides were dipped
in Kodak NTB; liquid emulsion which was diluted
with an equal volume of water. After exposure in
the dark for 28 days, the slides were developed for
6 min in Kodak D-19 developer at 14C, briefly rin-
sed in distilled water, fixed in acetic-alcohol, and
washed in running water for at least 30 min. They
were stained through the processed emulsion with
azure B, dehydrated, and mounted in Euparal.
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Scoring of slides

For each sampling stage, sections from two or
three anthers of the same flower bud were used. Sli-
des were examined on an Olympus BH-2 with X100
oil immersion objective. To determine the extent of
‘H-uridine incorporation into cells of the anther
wall, the number of silver grains found over the nuc-
leus and surrounding cytoplasm was counted from
random samples. Silver grains were also counted
from an area adjacent to the labelled cells of anther
wall to provide an estimate of the background. For
each stage of anther development, counts were made
of at least 20 cells from two slides. Sections were
photographed on Fuji Microfilm using bright-field
optics. The experiments were repeated once with sli-
des made from a fresh sample of anthers, using a
new batch of *H-uridine with the essentially same
results.

RESULTS AND DISCUSSION

Development of anther wall during male game-
togenesis

During the newly released microspore stage, an-
ther of B. napus consists of a well-defined layer of
epidermis, followed on the inside by a layer of endo-
thecium, and a layer of tapetal cells (Fig. 1). At this
stage, tapetal cells are binucleate and cells of middle
layer are already compressed and disorganized and
only remnants of middle layer appeared ocassiona-
lly. At the time of nonvacuolate microspore stage,
tapetal cells are already binucleate and considerable
radial enlargement occurred but fusion between
daughter nuclei did not occurred (Fig. 2). Multinuc-
leate condition combined with endoreduplication is
characteristic of tapetal cells of many plants. At this
stage, tapetum attains its maximum development. As
vacuolation is initiated in the microspores, tapetal
cells separate from one another by breakdown of
their radial walls and appear as small elliptical or
convolute cells (Fig. 3). During the senescence phase,
cytoplasmic contents broke away from the tapetal
cells and migrated to the anther loculus. Tapetal cy-
toplasm and nuclei which invaded the anther locu-
lus rapidly digested, and at the pollen stage, only
remnants of the cytoplasm and nuclei attached to
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Figs. 1-6. Anther wall at different stages of male gametoge-
nesis. Fig. 1. Newly released microspore stage. Binucleate
tapetal cells are seen. Fig 2. Nonvacuolate microspore
stage. Tapetal cells are binucleate and considerable radial
enlargement occurred. Fig. 3. Vacuolate microspore stage.
Tapetal cells are in the senescence phase. Fig.4. Bicelled
pollen stage. Tapetal cells are almost same as the vacuolate
microspore stage. Fig 5. Immature tricelled pollen stage.
Only remnants of tapetal ¢yloplasm and nuclei attached
to anther wall are found. Fig.6. Mature tricelled pollen
stage. Tapetal cells are completely dissapeared. Fibrous ba-
nds in the endothecium are developed. In Figs. 1-6: e, epi-
dermis; en, endothecium: mi, middle layer; t, tapetum: m.
microspore; g, generative cell; s, sperm. Calibration bar
(20 pm) in Figure 1 applies to all the figures from 2 to
6.

the anther wall were found (Figs. 4 and 5). At the
mature tricelled pollen stage, tapetal cells disappea-
red completely but endothecial cells developed exte-
nsive thickenings and fibrous bands were developed
(Fig. 6). The endothecium along with the epidermis
persisted in the mature anther and at mature tricel-

led pollen stage, anther wall consisted of an epider-
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mis and endothecium.

The noteworthy feature of the study of normal
anther wall development presented here is that the
improved resolution of the cytoplasmic contents of
the cell obtained by embedding them in glycol me-
thacrylate has made it possible to provide a descrip-
tion of the cytological changes during anther develo-
pment which will serve as a framework of reference
for following *H-uridine incorporation at the light
microscope level. The basic changes in the anther
wall development that occur during male gametoge-
nesis in B. napus are similar to those observed in
other plants of angiosperms (Biddle, 1979; Bhandari,
1984; Goldberg et al., 1993). In angiosperms the tape-
tum is of the “secretory” or “plasmodial” types acco-
rding to the condition of the nucleus and cytoplasm
at the time of dissolution (Biddle, 1979). Cells of
secretory type retain nuclei and much of the cytop-
lasm, and cells of amoeboid types may possess only
remnants of the degenerate cytoplasm and lack nuc-
lei. The time of dissolution is extremely variable. The
walls breakdown during meiosis I in Avena (Steer,
1977), at tetrad stage in Beta (Hoefert, 1971), Lens
and Pisum (Biddle, 1979), and during microspore de-
velopment in petunia (Bino, 1985). But generally ta-
petum attains its maximum development at the tet-
rad stage. The tapetum of B. napus is of the secretory
type in its essential characteristics and attains its
maximum development at the nonvacuolate micros-
pore stage.

RNA synthesis in cells of anther wall

The pattern of distribution of autoradiographic si-
Iver grains over cells of the anther wall of different
stages following incorporation of *H-uridine for 2
h is presented in Table 1. The results show that cells
of the anther wall at the stage of microspore imme-
diately after release from the tetrad do not incorpo-
rate *H-uridine (Fig. 7). The first detectable incorpo-
ration of the isotope is found in cells of the anther
wall of the nonvacuolate microspore stage (Fig. 8).
Al this stage, the density of autoradiographic silver
grains due to *H-uridine incorporation in tapetal
cells was peak and significant accumulation of silver
grains also occurred in the endothecial and epider-
mal cells. With the appearance of degeneration of
tapetum at partially vacuolate microspore stage,

J. Plant Biol., Vol. 38, No. 1

Table 1. Number of silver grains over cells of anther wall
al different stages of male gametogenesis in B. napus follo-
wing incorporation of *H-uridine

Stages of male ~Number of silver grains (£ SE) per cell

gametogenesis Tapetal Endothecial Epidermal
cell® cell cell

Microspore,
soon after releasc 0 0 0
from tetrad

Microspore, 204+ 39 6.1t 1.8 78118
before vacuolation

Microspore, 238+ 30 73117 87£20
during vacuolation

Microspore, 03101 71£19 84118
after vacuolation

Bicelled pollen 0 225128 7215

Tricelled pollen,
soon after generative 0 175£22 0
cell mitosis

Tricelled, mature 0 0 0
pollen

“The tapetal cells are binucleate.

there was a noticeable decrease in the incorporation
of *H-uridine in the tapetal cell (Fig. 9). In autora-
diographs of anthers sampled at vacuolate micros-
pore stage, silver grain density over tapetal cells was
only slightly above the background and at the bicel-
led pollen stage, these tapetal nuclei did not bind
any *H-uridine (Fig. 10). In the tapetal cell, silver
grains were typically localized over the nucleoli and
the rest of the nuclear material, although in cells
with intense incorporation, isolated silver grains were
also found in the cytoplasm. In the endothecial cell,
the first significant accumulation of silver grains oc-
curred at nonvacuolate microspore stage. During the
microspore stage, silver grain density was slightly
above background. But after microspore mitosis,
there was a sharp increase in *H-uridine incorpora-
tion (Fig. 11). Silver grain density was almost 3-4
times compared with microspore stage. Immediately
after mitosis of the generative cell, the endothecium
continued to incorporate the label at a reduced rate
(Fig. 12). With the onset of radial thickening in the
walls of the endothecial cells at mature 3-celled pol-
len stage, silver grains completely disappeared from
these cells. In the endothecial cell, silver grains were
found mostly in the nucleus, and sparsely in the
surrounding cytoplasm. Apart from the tapetum and
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Figs. 7-12. Autoradiographs showing incorporation of *H-uridine into cells of the anther wall at different slages of male
gametogenesis. Fig. 7. Anther wall at the stage of microspore just after release from tetrads. Silver grains over cells of
the anther wall are not found above the background. Fig. 8. Anther wall at the stage of microsporc before vacuolation.
Heavy incorporation of *H-uridine into the tapetal cells occurred. The label is found mostly in the nucleus. Silver grains
also appeared at the epidermal and endothecial cells. Fig. 9. Anther wall al the partially vacuolate microspore stage. Silver
grains are found in the cells of tapetum, endothecium and epidermis. The density of silver grains over the tapetal cells
decreased. Fig. 10. Anther wall at the vacuolate microspore stage. Silver grains in the tapetal cell occurred only sparscly.
Silver grains in the endothecial and cpidermal cells appeared almost same degree as the anther at the partially vacuolate
microspore stage. Fig. 11. Anther wall at the bicclled pollen stage. Dense incorporation of *H-uridine into the endothecial
cells occurrcd. Silver grains also appeared at the epidermal cells. Fig. 12. Anther wall at the tricelled pollen stage. Silver
grains appearcd at the endothecial cells. (a) Tricelled pollen. (b) Same pollen, with focus on sperms (s). Calibration bar
(20 um) in Figure 7 applies to all the figures from 8 to 12

endothecium, appreciable silver grains were found med to be rRNA, since no chromosomal labeling

in cells of the epidermis from the nonvacuolate mic-
rospore stage to the bicelled pollen stage. During
this period, autoradiographic silver grains over cells
of the epidermis were present in more or less the
same density and silver grain density was not high
as compared with tapetum or endothecium. Silver
grains over epidermal cells were found in the nuc-
leus as well as in the cytoplasm. Most of the RNA
labeled by “H-uridine in this experiment is presu-

was observed before nucleolar labeling.

As a test of the specificity of ‘H-uridine as a pre-
cursor of RNA synthesis in the cells of anther wall,
representative slides were incubated in RNase (Si-
gma Chemical, 1 mg/mL in 005 M phosphate buf-
fer, pH 6.0) for 24 h at 37C before applying the pho-
tographic emulsion. Absence of autoradiographic si-
lver grains on the cells of anther wall pretreated with
the enzyme as compared with anther pretreated with
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the buffer alone for the same length of time confir-
med that "H-uridine was actually being incorporated
into RNA. The pattern of *H-uridine incorporation
into cell of the anther wall of different stages was
not altered when the incubation period of anthers
in the isotope was extended to 4 h. The result indi-
cates that failure of cells of the anther wall of speci-
fic stages of development to incorporate *H-uridine
is not due to failure of the isotope to enter the anther
tissues.

Since tapetal cells at microspore stage were binuc-
leate, the number of silver grains per cell was not
representative of the actual change in *H-uridine in-
corporation sites per set of diploid chromosomes.
Nonetheless, the results indicate that cells of the an-
ther wall become enriched with *H-uridine- incorpo-
ration sites at a specific stage of male gametogenesis.
‘H-uridine incorporation in tapetum was high at the
nonvacuolate microspore stage while in endothe-
cium it was high at the bicelled pollen stage. From
these results, evidence has been presented for the
existence of a stage-specific synthesis of RNA in
cells of the anther wall of B. napus during male ga-
metogenesis.

Among somatic tissues of the anther, most atten-
tion has been paid to the tapetum. Many experime-
nts showed that the lapetum was critical for pollen
development (Echlin, 1971; Goldberg er al, 1993),
and the pollen coat components, including lipids
and proteins, were derived from the lapetum (Evans
et al., 1992). A stage-specific distribution of RNA
has been observed in tapetal cells of Hyoscyamus
niger (Raghavan, 1981; Raghavan and Jiang, 1992),
Lycopersicon esculentum (Ursin et al., 1989; Aguirre
and Smith, 1993), tobacco (Koltunow et al, 1990),
rice (Raghavan, 1989) and Brassica (Shen and Hsu,
1992). The results of this work also showed the tem-
poral expression of tapetal RNA. With minor varia-
tion, the expression pattern of RNA in B. napus ta-
petum was similar to that of those plants described
above, RNA accumulation in B. napus tapetum was
peaked at nonvacuolate microspore stage and dec-
reased as the tapetal cells degenerated. Tapetal sene-
scence begins at about microspore vacuolation.
There appears to be a striking degree of coincidence
between the peak accumulation of RNA and the
periods of tapetal senescence, microspore vacuola-
tion, and wall development on pollen grains. While
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these findings yield no informatin on the kind of
RNAs, the present work shows that rather than pas-
sively secreting the contents of disintegrating cells
into the anther loculus, the tapetum is actively enga-
ged in the accumulation of informational macromo-
lecules at a crucial stage in its ontogeny.

In contrast to the absence of silver grains in the
tapetum after microspore mitosis, silver grains occu-
rred in the endothecium. The finding that nucleus
of the endothecial cell incorporate *H-uridine during
pollen stage substantiates that the endothecial cell
nucleus in pollen stage is biochmically functional.
This is consistent with the fact that this cell type
continue to differentiate even after microspore mito-
sis. In the case of the endothecium, this involves
the formation of fibrous radial thickening.

The transient accumulation of RNA in cells of
the anther wall of B. napus during male gametogene-
sis represents a novel observation which pinpoints
the biochemical cytology of wall function closer than
has been hitherto. But these results offer little guide
as to which event is functionally related to RNA
metabolism of the anther wall. Further studies aimed
at identifying the kind of RNAs in the anther wall
should provide a greater understanding of the role
of these tissues during male gametogenesis and mic-
rospore embryogenesis.
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