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Abstract.

An embryological study of Brassica jordanoffii was carried out. The anther is tetrasporangiate and its wall of

Monocotyledonous-type development consists of: epidermis, endothecium, one middle layer and glandular
tapetum. Predominantly tetrahedral microspore tetrads form after simultaneous microsporogenesis. The
mature pollen grains are three-celled. The mature ovule is ana-amphytropous, crassinucellate, bitegmic with
unicellular archesporium that functions as a megaspore mother cell after cutting off one or two parietal
cells. Development of the embryo sac is of the Polygonum type. The embryo and endosperm develop after
Onagrad-type embryogenesis. A relatively high pollen and embryo viability was estimated.
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Introduction

Brassica jordanoffii O.E. Schulz (Brassicaceae) is a Bul-
garian endemic species — a glacial relict with status
of high conservation concern represented by a sin-
gle population (with a few small sub-populations) in
the Pirin Mts. The species is a herbaceous perennial,
insect pollinated, reproducing by seeds. Brassica jor-
danoffii is under the protection of the National Biodi-
versity Act, Biodiversity Conservation Law and Euro-
pean ecological network Natura 2000 in Bulgaria, and
is rated as Vulnerable in the Red List of Bulgarian Vas-
cular Plants (Anchev & Goranova 2009) and Red Da-
ta Book of the Republic of Bulgaria, vol. 1. Plants and
Fungi (Anchev & Goranova 2015).

Production and level of dissemination of plant
seeds are of principal significance for the survival of
individuals and conservation of the population size of
plant species, especially for plants with limited distri-
bution or endangered as the above-mentioned species.

For the sake of conservation, it is very important to in-
vestigate the reproductive processes of B. jordanoffii,
because one of the major causes for the species rari-
ty and small size of its populations might be its ineffi-
cient reproductive capacity.

The aim of the present study is to reveal the mode
of reproduction and peculiarities of embryological struc-
tures and processes of B. jordanoffii, as well as to evaluate
the pollen and seed viability, so as to clarify the possibil-
ities for fulfillment of its reproductive capacity. The re-
sults of this study will also provide valuable information
regarding the ex situ cultivation of this endemic species.

Material and methods

The material for embryological study (flower buds and
flowers at different developmental stages) was collect-
ed from the single natural Bulgarian population of B.
jordanoffii in the Pirin Mts (Northern) and fixed in
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FAA mixture (formalin: glacial acetic acid: 70 % etha-
nol in correlation 5:5:90 parts), embedded in paraffin,
cut into 8-12 pm sections with a rotary microtome and
then treated according to the classical paraffin methods
(Sundara 2000). The sections were stained with Hei-
denhain’s haematoxylin and included in Enthelan.

To estimate pollen viability, a common method was
applied of staining with acetocarmine the mature pollen
grains and subsequently counting directly (Heslop-Har-
rison 1992) the viable and nonviable. For that purpose,
anthers from open flowers were suspended in a solution
containing 1% acetocarmine for staining (Singh 2003).
Then, the solution with pollen grains was dispersed on
the slide and the number of stained (viable) and un-
stained (nonviable) pollen was counted. Mature pollen
grains were counted up in 30 anthers (visual field - at an
augmentation 100x), using a light microscope.

For estimation of the seed (embryo) viability, the
tetrazolium test was used. The mature seeds were in-
cubated in 1% solution of 2, 3, 5-tripheniltetrazoli-
um chloride, according to the methods elaborated by
AOSA (Association of Official Seed Analysts — Peters
2000). Initially, the tetrazolium solution is colorless,
but later on it changes to red as a result of the action
of hydrogenic ions derived from the respiration pro-
cess of seeds. Embryos that show physiological activi-
ty (active respiration) turn red and are considered via-
ble (Figs 1-2). The darker the red color, the greater the
respiratory activity of the seeds.

Figs 1-2. Estimation of

seed viability of Brassica

jordanoffii:

1. Dark-red colored viable

embryo; 2. Light-pink 2
colored viable embryo.

Results and discussion

Anther and development of the male gametophyte.
The anthers are tetrasporangiate. The anther wall de-
velopment is of the Monocotyledonous type, accord-
ing to Davis classification (Davis 1966; Watson &
Dallwitz 1992). It consists of four layers: epidermis,
endothecium, one middle layer and tapetum that at
the beginning of anther ontogenesis are almost similar
in shape but later on begin to distinguish - especial-
ly the tapetum, even at the stage of sporogenous tissue
(Fig. 3), while the other three layers do it after the for-
mation of microspore tetrads (Fig. 4). The epidermis
comprises one row of almost rectangular one-nucle-
ate cells that vastly enlarge during the anther ontogen-
esis. The middle layer is ephemeral and completely
degenerates by the end of meiosis in the microspore
mother cells (MMCs). At the beginning of anther on-
togenesis, the endothecium cells are quite similar in
size and shape to the epidermal ones, but subsequent-
ly they lengthen radially (Fig. 5). The one-layered ta-
petum is glandular during the entire anther ontogen-
esis. Initially, its consisting cells are one-nucleate, but
even at the stage of MMCs they become two-nucle-
ate (Fig. 5) as result of mitotic division. At the stage of
mature pollen, the anther wall consists of one-row en-
dothecium and partially preserved epidermis (Fig. 6).

The sporogenous tissue is multilayered (Fig. 3)
as in most representatives of the family Brassicace-
ae (Poddubnaya-Arnoldi 1982). Initially, the sporog-
enous cells are polygonal and fit closely each other.
Lather on, they elongate, round up and differentiate
into MMCs. The meiosis in MMCs passes with insig-
nificant deviations. After simultaneous microsporo-
genesis, predominantly tetrahedral microspore tet-
rads form (Fig. 4). At the time of shedding, the mature
pollen grains are three-celled and usually morpholog-
ically uniform (Fig. 6).

Ovule and development of the female gametophyte.
The ovary is bilocular, with many ana-amphytropous,
crassinucellate, bitegmic ovules with parietal disposi-
tion in each locule (Fig. 7). Like in most Angiosperms,
the innermost layer of the single integument differen-
tiates into integumentary tapetum (endothelium).

During the study, it was established that B. jor-
danoffii is a strongly proterandrous species: when in
the anthers forms one-celled pollen, archesporium
was observed in the ovule (Fig. 8).
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Figs 3-6. Anther and development of the male gametophyte:

3. Sporogenous tissue and four-layered anther wall comprising epidermis, endothecium, one middle layer and tapetum; 4. Tetrahedral
microspore tetrads and anther wall; 5. One-nucleate pollen and anther wall; 6. Mature pollen grains and anther wall. Magnification 400x.

Within the still young ovule, unicellular archespo-
rium forms hypodermally (Fig. 9). The formation of
unicellular archesporium in the genus Brassica is re-
ported for the first time. So far two- or three-celled ar-
chesporium was observed in this genus (Belyaeva &
Rodionova 1983). The single archesporium cell func-
tions as a megaspore mother cell (MMC) after cut-
ting off one or two parietal cells (Fig. 9). For the ge-
nus Brassica, formation of one (Sulbcha 1957; Davis
1966) and two (Pearson 1933) parietal cells is report-
ed. Later on, the MMC undergoes meiosis to produce
a linear megaspore tetrad. The embryo sac (ES) devel-
opment runs according to the Polygonum (monospor-
ic) type from the chalazal megaspore of the tetrad that
functions as an embryo sac mother cell (EMC), like
in most representatives of family Brassicaceae (Davis

1966; Belyaeva & Rodionova 1983; Watson & Dallwitz
1992). The other three megaspores degenerate pro-
gressively during the advancement of ES development
and their remains can be seen until the four-nucleate
ES (Fig. 10). After three successive mitoses, two-, four-
and eight-nucleate ES forms. The mature ES consists
of a three-celled egg apparatus (usually a pear-shaped
egg cell and two synergids), a central cell (Fig. 11) and
a three-celled antipodal apparatus in the chalazal part
of the ES. The synergids degenerate after fertilization.
The antipodals are ephemeral, which is typical for the
tamily Brassicaceae (Davis 1966; Poddubnaya-Arnoldi
1982; Belyaeva & Rodionova 1983) and begin to de-
generate before fertilization. In the present study, syn-
ergids with a filiform apparatus reported for the Bras-
sica representatives (Davis 1966) were not observed.
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Figs 7-12. Ovule and development of the female gametophyte:
7, 8. Flower with bilocular ovary and anthers; 9. One-celled archesporium in the ovule; 10. Four-celled embryo sac (ES); 11. Mature
embryo sac with egg apparatus and central cell; 12. Mature embryo.
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The embryo and endosperm develop after poroga-
mous double fertilization accompanied with destruc-
tion of one synergid from the pollen tube penetrating
into it through the micropyle of the ovule. The first di-
vision of the zygote is transversal and usually runs be-
fore the beginning of endospermogenesis. Direction
of the cell wall setting in young embryo, after a small
number of following mitoses indicates that embryo-
genesis is of the Onagrad type - a typical embryogen-
esis type for the family Brassicaceae (Davis 1966; Pod-
dubnaya-Arnoldi 1982; Belyaeva & Rodionova 1983).
At the beginning of endospermogenesis, the en-
dosperm is nucleate but later on, at the stage of globu-
lar embryo, it differentiates into cellular.

In the mature seed, the embryo is curved, filling
the entire ES cavity (Fig. 12), while the endosperm is
completely consumed. Apomixis was not registered.

Pollen and seed viability. After application of the
acetocarmine stain technique for estimation of pol-
len viability, the cytoplasm and nuclei of viable pollen
grains were stained in red, while the nonviable, emp-
ty and shrunken pollen remains colorless. The results
of the study show a relatively high viability of the ma-
ture pollen in the studied population of B. jordanoffii:
71.97 %.

On the basis of results obtained after tetrazolium
testing, the seed (embryo) viability (embryos) was
71.46 %, which is considered relatively high.

Conclusion

As result of the present study, the mode of reproduc-
tion and reproductive capacity of Brassica jordanoffii
were established, in order to define the character and
state of its populations. The observed features of the
embryological structures and processes, and absence
of apomixis characterize B. jordanoffii as a sexually re-
producing species.

The low plasticity of the male and female genera-
tive sphere (balanced processes and stable structures
and only sexual reproduction that restricts the adap-
tive mechanisms) determined during this study is
very likely the fundamental cause that defines the re-
stricted distribution of B. jordanoffii.

The established relatively high viability of the pollen
and seeds of B. jordanoffii contributes to successful real-
ization of its reproductive capacity, but the state of this
species as a vulnerable Bulgarian endemic suggests that
these two studied parameters of the reproductive ca-
pacity mainly depend on the conditions of its habitats.
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