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Abstract

The development of microspores and pollen grains lasts in Tradescantia
bracteata in vivo from the tetrad stage to pollen shedding about 14 days.
This including 7 days of the microspore life cycle. In stamens excised and
placed on a medium the microspores and pollen grains develop normally for
at least 3 days. *H-thymidine is added into medium culture. DNA synthesis
in the microspore nucleus is demonstrated 6 days after tetrad formation so
at the end of microspore interphase. During synthesis the nucleus lies at
one end of the long axis of the vacuolated microspore. Synthesis ends before
migration of the nucleus to the proximal pole of the microspore where
mitosis begins.

Incorporation of *H-thymidine into the generative nucleus is noted in two-
-celled pollen grains as early as about 24h after the end of microspore
division. During DNA synthesis the generative cell is rounded and is still
adjacent to the pollen grain wall. DNA synthesis ends before separation
of the generative cell from the sporoderm, before the generative nucleus
starts to elongate. R

"H-thymidine is not incorporated into the vegetative nucleus in stamens
developing in vitro.

INTRODUCTION

The cytological changes occurring in the course of development of
microspores and of the male gametophyte are well known in Angio-
sperms. Data are, however, less abundant on the synthesis of nuclear
DNA. Ogur et al. (1951) reported a drastic increase in the DNA
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amount in the microspore nucleus of Lilium longiflorum just before mi-
tosis, preceded by its slow synthesis in the postmeiotic interphase. M o-
ses and Taylor (1955) established that 3P incorporation into the
nuclear DNA of the Tradescantia paludosa microspore occurs at the end
of the interphase.

Data on DNA synthesis in the generative and vegetative nucleus have
been based above all on cytophotometric measuerments of the Feulgen
reaction. Numerous authors consistently mention a 2C DNA level in
generative mucleus of mature pollen grains. The controversial data
concern mainly the vegetative nucleus: (1) DNA synthesis does not
occur in it, notwithstanding the synthesis in the generative nucleus
(Woodard, 1958 in Tradescantia), (2) the vegetative nucleus reaches
a level higher than 2C DNA (Corsi and Renzoni, 1972, in Allium
chamaemoly), (3) the vegetative nucleus contains 2C DNA in mature
both bi- and tri-nucleate pollen grains (D’Amato et al., 1965, in Nico-
tiana tabacum and Hordeum wvulgare), (4) parallelly to DNA synthesis
in generative nucleus, incomplete synthesis occurs in the vegetative
one (Moses and Taylor, 1955), however, its initiation in both nuclei
depends on external conditions (Rodkiewicz 1960, in Tradescantia
bracteata), (5) in the vegetative nucleus DNA synthesis may occur after
development of the pollen tube as well as a decrease in the amount of
this substance, or the 1C level may remain unchanged (Hesemann,
1971, in Petunia hybrida).

The method of autoradiography with the use of *H-thymidine is dif-
ficult to applied for pollen grains because of lack of a suitable tech-
nique to administer radioactive precursor into the anther. Marimuthu
(1970) was succesful in incorporation of tritiated thymidine into the
pollen grains of Tradescantia plants by a cotton wick technique as
well Savage and Wigglesworth (1971) by direct injection into
the flower buds. Both these papers are of methodical character and
give no information on the time of DNA synthesis in microscope and
generative nuclei.

In present study we use the technique to administer 3H-thymidine
into the microspores and pollen grains of excised Tradescantia stamens.
Tritiated thymidine into the medium culture was added. By this method
the morphological differentiation of microspores and binucleate pollen
grains during synthesis of nuclear DNA were demonstrated.

MATERIAL and METHODS

All the plants used in this experiment were taken from one Trades-
cantia bracteata Small clone. The duration of various cytological stages
from tetrad formation to pollen shedding was in vivo determined in the
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plant grown in a gasshouse at 23°C under 16-h daylight. 46 buds were
examined from the tetrad stage as well as 24 buds from mitosis. The
initial stage of development (tetrads or mitosis) was established by exci-
sing one of 3 anthers of the external whorl from each flower bud and
by preparing acetoorcein smears.

After taking out the anther, the flower bud was covered with para-
film to prevent drying up before collection of the next sample. For
further experiments the two remaining anthers in the whorl could be
taken. At 12-h intervals one anther was taken from 3 buds of each
of two series and the stage of pollen development was studied on smears.
In this way the development of pollen in vivo was followed in the
first series from tetrads to pollen shedding, and in the second series
from mitosis to shedding.

Experiments with 3H-thymidine administration were performed on
stamens excised and placed on medium of the composition established
by Brewbaker and Kwack (1963) for pollen tube cultures. A de-
tailed description of the method presently used is given in the preced-
ing paper (Charzynska and Pannenko, 1976).

In the excised stamens placed in the medium, the microspores and
pollen grains develop without disturbances for at least 72 h.

For studying the whole development cycle in vitro and establishing
DNA synthesis stamens were excised from the buds and placed on the
medium with *H-thymidine in 7 successive developmental stages cor-
responding to 2-day differences in the development of the microspores
(Fig. 1, stages I—VII) and in 3 additional stages (Fig. 1, stages VIII—
—X).

The stamens of each development stage (ca 25) were incubated in
the medium with 3H-thymidine (sp. act. 19.69 Ci/ml, concentration
30 nCi/ml). For 3 days two or three anthers were successively taken at
6-h intervals for making autoradiograms. Only in stage, III, VIII and IX
samples were collected every 4h.

The cytological preparations were prepared by the smear method
on dry ice after previous fixation of the material in acetoalcohol (1:4
and staining with acetoorcein. The autoradiograms were made with
stripping film (Kodak AR 10). The time of exposure at 4°C was 2 weeks.

RESULTS

At constant temperature (23°C) and 16h light cycle the development
of T. bracteata pollen in vivo lasted 13 days and on the 14-th day shed-
ding of mature grains occurred. In the continuous developmental process
several cytologically differing stages could be distinguished (Fig. 1).
These stages were largely synchronized in the anthers of one stamen
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whorl. But the incomplete synchronization in development did not allow
a precise establishment of the duration of the particular stages.

The life cycle of the microspores from mature tetrad to the end of
the differentiating division and formation of the two-celled gametophyte
was about 7 days. Release of microspores from the callose lasted about
24 h and as much time elapsed to the beginning of vacuolation in the
young microspores. Three days after the stage of mature tetrads had
been reached the microspores already had a central vacuole and the
nucleus was migrated to one end of the microspore. This stage lasted
about 3 days. At this time the nucleus and the whole microspore in-
creased in size (photos 1 and 2).

On the 7th day of the stage of mature tetrads mitosis started. The
nucleus lay during mitosis at the proximal pole of the microspore in
the central strand of cytoplasm between two vacuoles. Migration of
the nucleus from the position at the side to the proximal pole had
occurred in the course of the 12 h preceding mitosis (Fig. 1, 7th day).
Twelve hours after the beginning of mitosis two-celled pollen grains
could be observed with the lenticular generative cell situated at the
wall.

Two-celled pollen grains of Tradescantia developed in vivo until
pollen shedding for 6.5 days. On the basis of the samples collected, the
duration of the morphological changes during development was ap-
proximately estabilished as regards the shape and position of the
generative cell and shape of the generative nucleus.

Twelve hours after initiation of mitosis in the microspore the
generative cell adjacent to the wall was of lenticular shape, after a
further 12 h it was more spherical and it touched the pollen grain wall
on only a small area. The vegetative nucleus lay on the short cell
axis (Photo 5). This state persisted for another 12 h.

On the second day after the end of mitosis the generative cell with
its slightly elongated nucleus was translocated deeper into the pollen
grain. This stage of development was proceded by migration of the
vegetative nucleus to the long axis of the cell and formation of one
vacuole. In the subsequent days the generative cell and its nucleus elong-
ated gradually and on the 14th day after tetrad formation the mature
pollen was shed in the morning hours.

In the experiment with isolated stamens, labelling of microspores
appeared only as late as stage III of development (Fig. 1), on the 6th
day after tetrad formation. The first labelling of nuclei at this stage
was noted after 42, 48 and 54 h of incubation (respectively for each of
the 4 samples) in more than 90 per cent of the microspores in the
anther.

The differences in the time of DNA synthesis in the microspores of
the same anther were the result from incomplete synchronization of



PLATE I

it : .. - 5’5
Microspores and pollen grains of Tradescantia bracteata durinz DNA synthesis in
the microspore and generative nuclei

Photo 1. young microsgpore in Gy pericd (48h after release from tetrad)

Photos 2 and 3 — micrcspores in S period (6 days after tetrad formation)

Photos 4 and 5 — two-celled pollen grain during DNA synthesis in generative
nucieus (ca. 24h after microspore division)

Photos 1, 2, 5 — stained with acetoorcein without previous fixation. Photos 3 and 4 —
autoradiograms after incubation of isolated stamens with H-thymidine. Smeares after fixation
in AA. Nuclei greatly flattened, hence their diameters longer than those of nuclei in the
same developmental stage in preparations stained with acetoorcein eca, X 1200
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microspore development, in the particular samples, they were caused
by difficulty of isolating anthers from different plants exactly at. the
same stage of development.

In the next stage, that is IV, the first labelled nuclei were found
as early as after 6 h of incubation, but not in all the samples and only
in about 12 per cent of the microspores. Hence it may be concluded

Stages of microspore and pollen grain development
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Fig. 1. DNA synthesis in microspore and generative nuelei of Tradescatia bracteata

0—14 — number of days in vive development; I—X development stages in vitro at which the
excised stamens were incubated in medium with *H-thymidine
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that, in anther excised in stage IV, DNA syntesis ended in most micro-
spores before transfer to the medium with thymidine. After 6 h of more
incubation at stage IV, the chromosomes were labelled in part of the
mitoses as the consequence of earlier labelling of the nuclei in these
microspores,

In all samples collected in developmental stages III and IV of the
anther, in which the first labelling of microspore nuclei was observed,
the microspores contained a central vacuole and a spherical nucleus
situated on the long cell axis (Plate I, photo 3). Thymidine was also
introduced into anthers containing microspores with the nucleus trans-
located to the proximal pole (Fig. 1, stage VIII). When the nuclei were
in this position 3H-thymidine was not incorporated into them. Tt would
seem that DNA synthesis in the microspore nuclei had ended before their
migration to the site where mitosis begins.

On the basis of the present experiments it was not possible to establish
either the duration of DNA synthesis in the microspore nuclei or the
G period. It could only be established that, about 24 h after the begin-
ning of DNA synthesis, the division of the microspore into two gameto-
phyte cells was ended.

For determining DNA synthesis in the gametophyte nuclei, stages V,
VI, VII, IX and X of anther development were taken into account
(Fig. 1).

During development and maturation of two-celled pollen grains in
the stamens in vitro the vegetative nucleus was not labelled.

The first labelling of the generative nucleus was observed in stage
V after 6h of incubation and in stage IX after 20, 24 and 28h of in-
cubation. *H-thymidine was not incorporated in stages VI, VII and X
of anther development into the elongating generative nucleus. The ob-
tained results indicate that DNA synthesis starts in the generative nucle-
us about 24 h after the end of mitosis and cytokinesis in the microspore.
The pollen grain in the period of DNA synthesis in the generative nucle-
us is shown in photos 4 and 5. The generative nucleus is spherical, the
generative cell is adjacent to the sporoderm, but it is more spherical
than immediately after the division of the microspore.

DISCUSSION

Under controlled conditions the development of microspores and
pollen grains up to pollen shedding as well as the particular steps of
this development which can be distinguished on the basis of cytological
changes, last for a definite time. This has been pointed out among
others by Beatty and Beatty (1953), Moses and Taylor (1955)
in T. paludosa and by Mepham and L ane (1969) in T. bracteata. The
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latter authors also demonstrated that the state of pollen development
of this plant may be determined according to the position of the flower
bud within the inflorescence.

The sequences of cytological transformations in the course of de-
velopment of the T, bracteata microspore and their duration are similar
to those described by Beatty and Beatty in T. paludosa.

The results here presented concerning nuclear DNA synthesis in
the microspore and generative cell life cycles are largely in agreement
with the literature data obtained .by other methods for T. paludosa.
Moses and Taylor (1955), on the basis of photometric measurements
of the Feulgen reaction and *?P incorporation showed that DNA synthes-
is in the T. paludose microspore immediately precedes mitosis (it ends
on the 7th day of the interphase which lasts 8 days). Thus, the period
Gy is very long like in T. bracteata. The same authors demonstrated
a doubling of the DNA amount in the generative cell nucleus on the
second day after microspore division and Woodard (1958), by means
of photometric Feulgen reaction measurement revealed an increase of
the DNA amount in the generative nucleus by 50 per cent in the course
of 20h and a 2C DNA level in the microspore 44 h after mitosis. The
latter author stresses, in agreement with the present results, that in
further development of the pollen grain the DNA content in the generat-
ive cell nucleus remains constant.

The present results and those of the above named authors indicate
that the life cycles of the microspore and generative cell differ es-
sentially in the duration of phase G; (long G; period in the microspore
cycle and short in the generative cell). Although Tradescantia was the
object of the described investigations, it may by inferred that this is
a general regularity in the development of Angiosperm pollen, the more
so as Corsi and Renzoni (1972) demonstrated cytophotometrically
a 2C DNA level in the generative cell nucleus of Allium chamaemoly
even in the early stage of its development. -

It is known (first demonstrated by Géorska-Brylass, 1967 and
confirmed by others — Heslop-Harrison, 1968; Oryol, 1969)
that the generative cell is separated from the vegetative one for some
time by a callose wall. In our work it was not established whether DNA
synthesis in the generative cell nucleus occurs before or after the disap-
pearance of this wall. Elucidation of this fact requires further investiga-
tions and is essential on account of the role of barrier ascribed to cal-
lose, which would isolate the generative cell and make its peculiar
differentiation possible.

The present experiments did not show 3H-thymidine incorporation
into the vegetative nucleus in the course of the entire developmnt of pol-
len grain up to its shedding. Since under the same conditions the present
authors obtained labelling of the generative cell, it does not seem pro-
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bable that the absence of synthesis in the vegetative cell would be caused
by the influence of changed conditions in vitro. The DNA synthesis in
the vegetative nucleus of the pollen grain still remains an open question.

It may be that the cause of controversial results obtained by various
authors as regards DNA synthesis in the vegetative mucleus is the fact
that this synthesis does not occur in all pollen grains of the given plant.
This is supported by the results of Pepkin and Larson (1973) who
determined the DNA content in vegetative and generative nuclei isolat-
ed from pollen tubes of Hippeastrum. They found that in the examined
nuclear population all generative nuclei have 2C DNA level, while most
vegetative nuclei exhibit 1C DNA and only few of them 2C DNA levels.
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Inkorporacja *H tymidyny do jgder mikrospor i ziaren pytku
w izolowanych precikach Tradescantia

Streszczenie

Zmiany cytologiczne w rozwoju mikrospor i ziaren pylku sg dobrze pozna-
ne. Nie ma dotychczas pelnej informacji o syntezie DNA w czasie tego procesu.
Dla okreslenia, w jakim etapie rozwoju mikrospor i ziaren pylku odbywa sie syn-
teza jadrowego DNA, zastosowaliSmy metode podawania 3H tymidyny do pozyw-
ki, na ktéra izolowano preciki. Badania przeprowadzono na Tradescantia bracteata.
W izolowanych na pozywke precikach tej ro$liny rozw6j mikrospor i ziaren pylku
bez zaklocen trwa tylko trzy doby. Dla odiworzenia in vitro calego cyklu rozwo-
jowego przenosiliSmy na pozywke preciki zawierajace kolejne fazy rozwoju mikro-
spor i ziaren pylku od tetrad do dojrzalego pylku.

In vivo przebieg rozwoju mikrospory i dwukomérkowego pyltku jest w duzym
stopniu zsynchronizowany w precikach tego samego okétka. Okredlilismy in vive
w przybliZeniu czas trwania kolejnych wyodrebniajacych sie cytologicznie etapow
rozwoju i sprawdziliSmy, ze w izolowanych precikach w czasie trwania 3-dniowego
eksperymentu nie podlega on istotnym zmianom. Wyniki dotyczace syntezy jadro-
wego DNA, wyznaczonej przez inkorporacje *H tymidyny w izolowanych preci-
kach moina wigc traktowaé jako przejaw syntezy DNA w normalnym TOZWOoju.

Wykazalismy, ze in vivo w temp. 23°C i 16-godzinnym dniu rozw6j pylku
T. bracteata od tetrad do wypylenia trwa ok. 14 dni. Cykl zyciowy mikrospory od
dojrzalej tetrady do zakonczenia podzialu ro6znicujacego trwa ok. 7 dni, reszta
przypada na rozw6j dwukomérkowego gametofitu w obrebie pylnika. W cyklu zy-
ciowym mikrospory najdiluzej trwa okres G,. Okreéliliémy in vitro, Ze synteza
DNA w jadrze mikrospory odbywa sie po uplywie 6 dni od wyodrebnienia tetrad.
Ten etap rozwoju mozna zidentyfikowaé morfologicznie. Mikrospora w tym czasie
ma centralng wakuole, a kuliste jadro lezy na jednym z biegunéw dlugiej osi ko-
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morki. Synteza zostaje zakonczona przed przemieszczeniem sie jadra na biegun
proksymalny mikrospory, gdzie przebiega mitoza.

Okres G, komérki generatywnej jest krotki i svnteza DNA w jadrze genera-
tywnym zachoczi juz po ok. 24 godz. po zakonczeniu podzialu mikrospory. W cza-
sie syntezy DNA jadro generatywne jest kuliste, a komorka generatywna graniczy
jeszcze ze $ciang sporodermy. Synteza DNA w jadrze generatywnym zostaje za-
konczona zanim jadro generatywne zacznie sie wydluzaé.

W czasie rozwoju dwukomoérkowego ziarna pylku nie ma syntezy DNA w
jadrze wegetatywnym.
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