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ABSTRACT
The DNA content after Feulgen reaction in the guard cells and epidermis of Ornithogalum umbellatum ovary
was cytophotometrically measured in different phases of flower development. Only in bud of flowers guard cells
DNA content was 2C while in full blown flowers it was higher, between 2C-4C. This observation was supported
by autoradiographic studies with 3H-thymidine which was incorporated into guard cell nuclei in the ovary epider-
mis of newly developed flowers. Thus DNA level in O. umbellatum guard cells was higher than those in other

plants described in literature.

On the other hand, DNA content in the epidermis cells increased gradually with ovary growth reaching the ma-

ximum level of 8C in some cells.

KEY WORDS: Omithogalum umbellatum ovary, guard cells, epidermis, differential DNA replication,

development.

INTRODUCTION

Exit from the mitotic cell cycle and initiation of cell dif-
ferentiation frequently coincide with the onset of endoredu-
plication, a modified cell cycle during which DNA is dupli-
cated in the absence of mitosis. This phenomenon is espe-
cially frequent in different plant tissues (Nagl 1978; Kwiat-
kowska et al. 1990; Boudolf et al. 2004; Bertin 2005; Be-
emster et al. 2005; Verkest et al. 2005) and is especially in-
tensive in trophic tissues (Nagl 1978). Comparative studies
(Olszewska and Osiecka 1982, 1983, 1984) showed that in
nearly 100 mono- and dicotyledonous plant species diffe-
rentiation of root parenchyma cells was preceded by DNA
endoreplication. However, there are exceptions concerning
species with high 2C DNA contents. Root parenchyma cells
of Tulipa kaufmaniana, Levisticum officinale, Ammaryllis
belladonna, Clivia minata and Haemanthus katharinae are
not endopolyploidal (Olszewska and Osiecka 1982, 1983).
However, it is worth noting that in Haemanthus katharinae
endosperm three endoreplication rounds were observed du-
ring seed development (Marciniak 1993).

Several authors observed that lack of DNA endoredupli-
cation was characteristic of Arabidopsis thaliana leaf gu-
ard cells although pavement cells had endopoliploidal nuc-
lei (Boudolf et al. 2004; Melaragno et al. 1993; Kato and
Lam 2003; Bergmann 2004; Sugimoto-Shirasu and Ro-
berts 2003; Sugimoto-Shirasu et al. 2005, Desvoyes et al.
2006). This was earlier observed in Tropaeolum majus

(Nagl 1962), because of that DNA level in guard cells was
sometimes regarded as a 2C indicator.

Guard cells are the terminal product of lineage that arises
postembryonically in the epidermis. They are epidermal
structures that modulate gas exchange between a plant and
its environment.

Earlier observations concerning epidermis of Ornithoga-
lum umbellatum ovary have shown that these cells are very
good material for investigations aiming at finding the an-
swer to the question whether there is correlation between
DNA content and cell growth dynamics during ovary deve-
lopment since at a certain moment they stop dividing and
only intensively grow (Kwiatkowska et al. 2007).

We stated from the assumption that since DNA level in
guard cells is 2C (as many authors reported) measurement
of DNA content in these cells may be indicative of poly-
ploidy level of epidermis at different developmental stages
of the ovary. In order to prove this assumption comparison
of the contents in the nuclei of telophase and prophase O.
umbellatum root meristem cells with DNA content in the
ovary guard cells. The guard cells of this plant do not have
subsidiary cells and are of amonocite type. The obtained
results show that the DNA level in the guard cells is not in-
dicative of DNA content as during ovary development it
increases reaching 2C-4C level which points to differential
DNA replication.

It is necessary to conduct further research to find out if
a similar phenomenon occurs in other plants.
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MATERIAL AND METHODS

Cytophotometric analyses

O. umbellatum root meristems were used to assess 2C (te-
lophase) and 4C (prophase) DNA levels. Epidermis of the
apical ovary part at different flower developmental stages
was also used. The following stages were taken into consi-
deration: 1) the ovaries hidden in buds, 2) the ovaries of ful-
ly developed flowers, 3) the ovaries of withered perianth.
Small (a), median (b) and big (c) ovaries were observed at
every stage. 10 ovaries were used in each experimental va-
riant. An average number of Feulgen stained individual
nuclei measured cytophotometrically was 100 and 600 for
the guard cells and for epidermis cells, respectively.

For cytophotometry, ovaries were fixed in cold 3:1 abso-
lute alcohol/glacial acetic acid mixture (Carnoy solution)
for 1h, washed and kept in 70% ethanol. Apical fragment
of root and fragments of ovary epidermis were hydrolysed
1h in 4N HCI, stained in Schiff's reagent (pararosaniline,
Sigma) for 1h at room temperature. After the Feulgen reac-
tion the fragments of epidermis and squashed apical parts
of roots were dehydrated, dried and embedded in Canada
balsam.

Absorbance of Feulgen-stained nuclei were measured
using the plug technique with Zeiss (Jena) Histophotome-
ter. Several readings were taken at 565 nm to obtain an
average absorbance. Profile surface areas of nuclei were
measured using computerized microscope image analysis
system IMAL-512.

3H-thymidine incorporation analyses

3H-thymidine incorporation analyses were carried out in
the ovary epidermis of newly developed flowers in which
a significant increase in DNA content in the guard cells
nuclei was cytophotometrically observed.

Ovary epidermis of O. umbellatum were incubated in *H-
-thymidine 80 pCi/ml (666 GBg/mM) for 2h and then fixed
in Carnoy solution. The squashed preparations from epi-
dermis were coated with liquid emulsion and exposed for 4
months. The developed autoradiographs were stained with
Unna reagent (mixture of pyronine and methyl green).

RESULTS

DNA content in ovary guard cell nuclei
and *H-thymidine incorporation

Comparison of the diagrams illustrating DNA contents in
the telophase (2C) and prophase (4C) cells of O. umbella-
tum root meristem with those presenting DNA content of
the guard cells from the bud ovaries showed that regardless
of bud size they contained exactly 2C DNA (Fig. 1). After
blooming the DNA content was significantly shifted toward
4C although no cells with full 4C were observed (Fig. 1 Ila,
IIb, Ilc). A similar situation was noted in bigger and bigger
ovaries in withered flowers (Fig. 1 IIla, [IIb, IIIc).

3H-thymidine autoradiography fully supported the cyto-
photometry results: over the nuclei of ovary epidermis gu-
ard cells of newly developed flowers (Fig. 3) there were
dark autoradiographic grains which indicated *H-thymidine
incorporation hence the fact the DNA was synthesized in
them at that time.
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Fig. 1. DNA content in guard cell nuclei. I, II, III — closed, open and wi-
thered flowers, respectively; a, b, ¢ — small, medium and big ovaries, re-
spectively. Control — DNA content in telophase and prophase of root me-
ristem of O. umbellatum.
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Fig. 2. DNA content in ovary epidermis cell nuclei; symbols as in Figure 1.
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Fig. 3. Guard cells with 3H-thymidine labelled nuclei in the ovary of
a newly open flower following Unna staining; dark grey nuclei, light grey
cytoplasm.

DNA content in ovary epidermis cell nuclei

DNA content in the ovary epidermis cells was higher
than 2C already in the youngest flower buds, and in some
cells it reached 4C-8C levels (Fig. 2 Ia). Population of the
latter cells increased gradually together with the ovary
growth in not-blown and full-blown flowers. After withe-
ring of the perianth apart from 4C DNA nuclei a popula-
tion of 8C DNA ones appeared in the medium-sized ova-
ries (Fig. 2 IIIb). In the biggest, yellowish ovaries the num-
ber of 8C DNA nuclei decreased but 4C-8C increased (Fig.
2 Illc).

DISCUSSION

Cytophotometric measurements of DNA content in the
O. umbellatum guard cells indicated differential DNA re-
plication, according to Nagl (1978) terminology, which mi-
ght be either underreplication or ampliphication of DNA. It
took place when the petals opened and ovary became unco-
vered. The above was proved both by cytophotometric and
autoradiographic methods. The same level of DNA was al-
so observed at the later developmental stages till the ovary
reached the greatest size. However, in flower buds DNA
content in the ovary guard cells was exactly 2C thus per-
fectly agreed with the literature data, (Boudolf et al. 2004;
Melaragno et al. 1993; Kato and Lam 2003; Sugimoto-Shi-
rasu and Roberts 2003; Sugimoto-Shirasu et al. 2005; De-
svoyes et al. 2006; Nagl 1962). The fact that differential
DNA replication presented above was not described in
other papers might result from the specificity of O. umbel-
latum or from the fact that it was observed on the basis of
comparisons between several developmental stages of the
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organ. The fact that differential DNA replication presented
above was not detected in other experiments might result
from the specificity of O. umbellatum or from the fact that
we observed it on the basis of comparisons between seve-
ral developmental stages of this organ and DNA levels in
telophases and prophases of meristematic cells. This kind
of observations was not presented in earlier studies. Thus it
is not known whether a widely recognized belief that there
is no endoreplication in the guard cells in other plants is
correct.

Genetic studies indicate that development and functio-
ning of guard cells is mediated by very many genes. Apart
from 1309 genes shared with other A. thaliana leaf cells
there are 64 guard cell-specific genes which are responsi-
ble for both their development and functioning (Leonhardt
et al. 2004). We suppose that in O. umbellatum guard cells
differential DNA replication takes place in the genes which
are triggered by light stimuli as DNA content increases
above 2C level after opening of flowers i.e. when guard
cells are exposed to light.

DNA content measurements in O. umbellatum ovary epi-
dermis cells show that it gradually increases with develop-
ment up to 8C level. Thus dynamics and the mechanism re-
gulating DNA endoreduplication in these cells are different
from those in guard cells similarly as it was observed in A.
thaliana epidermis (Boudolf et al. 2004; Melaragno et al.
1993; Kato and Lam 2003).

Comparative studies of the dynamics of epidermis cell
growth changes in DNA content accompanying them, reve-
aled that, in the case of O. umbellatum, there was no sim-
ple correlation between these parameters. The role of endo-
replication seems to be modified by the involvement of li-
potubuloids and GA, level in the growth of these cells.

Regardless of extensive research and of the fact that en-
docycles are thought to be driven by the same regulators as
those that control the G1 — S transition of the mitotic cell
cycle, the molecular mechanisms that differentiate mitoti-
cally dividing cells from endoreplicating ones are largely
unknown. Recently a novel class of atypical E2F-like pro-
teins has been identified and was designated E2F7 in mam-
mals and DP-E2F-like (DEL) in A. thaliana (Vlieghe et al.
2005; Beemster et al. 2006). Verkest et al. (2005) however,
showed that the A-type cyclin — dependent kinase CDK;1
and its specific inhibitor the Kip-related protein KRP2 re-
gulated the mitosis-to-endocycle transition during A. tha-
liana leaf development.
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