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Introduction
Androgenisis is based on three crucial events: i) repression of gametophytic devel-

opment and leads to the dedifferentiation of the cells; ii) restore of cell divisions and 
of embryonic potential; iii) formation of embryo-like structures. As shown by several 
experiments, embryogenic development during in vitro androgenesis is induced by the 
application of different types of abiotic stresses, including heat shock, cold, and starva-
tion, among others [6].  The stress converts a cell destined to produce a male gameto-
phyte, i.e. a pollen grain, into an embryogenic cell that will develop into a sporophyte, 
i.e. an embryoid [8, 9]. Reprogramming of cellular metabolism can occur through the 
repression of expression related to starch biosynthesis and the induction of proteolytic 
genes (e.g. components of the 26S proteasome, metalloprotease, cysteine, and aspartic 
proteases) and stress-related proteins (e.g. GST, HSP, BI-1, ADH) [6]. 

It is know that androgenesis can run in two ways: through reprogramming and 
direct proliferation of microspores or callus induction as indirect result of dediferentia-
tion of somatic cells of anther. In the first case, microspores after the second meiotic 
phase, proliferate within exine and form multicellular structures, which subsequently 
lead to embryogenic structures and exine degeneration. In the second, proliferation of 
somatic cell of anther conducts to the callus formation. Unfortunately, trigger mecha-
nism of dedifferentiation remains unclear and the induction of microsporal embryogen-
esis is a major task in solving androgenesis [4, 7].

Therefore, the embryogenic microspore is an extremely complex in vitro biological 
system where cellular responses to abiotic stresses co-exist with the reprogramming 
towards a new developmental fate and the cessation of the old programme. All these 
simultaneous changes must be reflected in a dramatic remodeling of cell architecture. 

Considering that histological characterization of androgenic structure has been lit-
tle reported the purpose of work is to study the ultrastuctural aspects of androgenetic 
structures with different embryogenic capacity for barley cultivars.

Materials and methods
The spring (Galactic, Unirea, Sonor) and winter (Stralucitor) barley cultivars served 

as biological material. 
Donor plants, for culture in vitro of anthers, were grown in controlled conditions, 

in optimal conditions concerning photoperiod, light intensity, temperature and nutri-
tion, according standards recommended by Cistue et al. [3]. Spikes were collected 
when most of the microspores were at the mid to late-uninucleate stage. For cytologi-
cal identification of meiosis stages the anthers were fixed in Carnoy solution (3:1) and 
stained with aceto-carmine. Collected spikes were rinsed in water with three drops 
of Tween-20 (0,1%) and under running tap water for 10 min; after that the spikes 
(60-80 mm long) were sterilized with 70% ethylic alcohol followed by 5,2% sodium 
hypochlorite (dilution with distillate water 1:1). At last, in laminar airflow hood the 
anthers were excised and incubated in culture medium.

For induction the dedifferentiation and reclaim sporophytic development were used 
different schemes of pretreatment and various hormone balances of nutrient medium. 
According to the obtained data, positive response of anthers to in vitro condition was 
generated by cold pretreatment and Mannitol inanition. The main effective schemes 
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were found: i) T=4 °C, Mannitol 0.34M, followed by the passage supplemented with 
0,17M Mannitol; ii) T=4 °C, during 10-14 days or iii) Mannitol – 0,17M.  As induction 
medium we used three variants: C3 (Jacquard et al., 2003), N6 (Chu, 1978) and FHG 
(Hunter, 1988). The schemes of pretreatment and the medium composition conducted 
according [1]. For each variant in medium 25-30 anthers were inoculated in Petri dishes 
and incubated at 25±2 °C in dark for 14 days.    

After 30 days the explants were transferred to dishes with fresh medium and ex-
posed to a constant temperature 25±2 °C, with 16 hours photoperiods and light 2000lux. 
Every 30 days we performed passages, respecting the aseptic rules. 

Embryogenic and non-embryogenic cells population derived under in vitro anthers 
culture were used for cytological examination, using semi- and ultra-thin sections. 
Samples were fixed with 4% aqueous glutaraldehyde and post-fixed with 1% osmium 
tetroxide. After dehydration in ascending ethanol concentrations and propylene oxide 
the material was embedded in a mixture of Epon. Semi-thin sections, produced on 
ultramicrotome UMTP 3, were stained with methylene blue. Thin sections, were pre-
pared at LKB ultramicrotome and stained in 4% uranyl acetate and in lead citrate. For 
transmission electron microscopy analysis, the specimens were analyzed with an elec-
tron microscope EМВ 100 BR.

Results and discussion
According to the previous data was reported that microspore embryogenesis for 

barley pass via a complex morphogenetic pathway dependent not only on the pretreat-
ment conditions, but also of a lot of interrelated factors, including the genotype pecu-
liarities [1]. As results of optimized technique for initiation in vitro embryogenesis for 
evaluated cultivars (Galactic, Sonor, Unirea and Stralucitor), was established that cold 
stress (+40 °C) in complex with mannitol starvation generate reorganization involving 
anther wall cells (tapetum, endothecium) degeneration and microspores reprogram-
ming.

In the anthers with androgenic response as result of dedifferentiation inside micro-
spore, embryonic structures were generated, accompanied further by the exine break 
and destruction of sterile anther tissues (endothecium and tapetum).

At the first stage it is reported the cell wall differentiated, plasmodesmata formation 
(Fig. 1). Also at this phase were differentiated the traheids (Fig. 1 B). 

These structures are criteria for determination of the tissue and indicate the be-
ginning of differentiation.  Cells organelles, such as mitochondria and plastids, are at 
young stage and are represented by promotocondria and proplastids, with a compact 
matrix without developed intern membrane system (Fig. 1 C).

In the vacuole cavity has been established minor accumulations of starch (Fig. 1 A, D). In 
some cases were attested aggregates of lipid compounds precursors of sporopollenin (Fig. 1 C).

 This component is a mixture of biopolymers, containing fatty acids, phenylpropa-
noids, phenolics and traces of carotenoids.  Sporopollenin is a major component of the 
tough outer (exine) walls of pollen grains. It is know that the sporopollenin is built up 
via catalytic enzyme reactions in the tapetum, and both the primexine and callose wall 
provide an efficient substructure for sporopollenin deposition. As is reported by Ari-
izumi and Toriyama [2], the currently accepted understanding of the molecular regula-
tion of sporopollenin biosynthesis, must be review. These new approach would explain 
the occurrence of these compounds in the cells of microsporal origin.

The nuclei are characterized by an unbalanced distribution of heterochromatin (Fig. 
1 E). In the compact peripheral zone predominate active cells with meristemic char-
acteristics. Near the cell wall can be found lomosome-like bodies, vesicular structures 
involved in wall development (Fig. 1 F).

After several reproductive cycles, the structures derived from microspores with 
embryogenic potential derived meristematic centres characterized by compact arranged 
cells with hyperchromatic cytoplasm due to high content of organelles and intracellular 
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compounds, major centrally located nuclei, lack of central vacuole. Histological studies 
showed that globular structures originated at sub-marginal region and were covered by 
the epidermis. The somatic embryos formed independently or very close and appeared 
to be linked by their basal region [1].

Fig. 1. Ultrastructure of cells at the globular stage. Structural aspect of cells from different zone.
A, B – intern compact zone, C, D – medium layers, E, F – compact zone from periphery.

In pre-embryonary stage are distinguish two areas: the compact and spongy area in 
which cells lose their adhesion (Fig. 2). 

The compact area is characterized by strong adhesions and cells with high metabol-
ic activity, not differentiated vacuome. It is found presence of many mitochondria and 
proplasdids (Fig. 2 A–E). In the spongy zone, the cells lose contact, had large vacuoles 
with reduced cytoplasm arranged parietal (Fig. 2 F-H). Heterochromatin is distributed 
mainly perimembranar (Fig. 2 H). Mitochondria have differentiated internal membrane 
system. It is also noted the presence of lomosome-like bodies, denoting intense process 
of cell wall formation.

For both embryogenic structures in interphase are characteristic four morphologi-
cal types of nuclei:

-  nuclei with major areas of heterochromatin distribute balanced on the surface of 
the nucleus with little diffuse chromatin (Fig. 2 C),

- nuclei with major areas of heterochromatin distributed unbalanced, denoting  
asymmetric distribution of genetic material (Fig. 2 A, F, G),

- nuclei with small areas of peripheral heterochromatin, indicating a metabolic hy-
peractivity (Fig. 2 B, H),

- interphase nuclei with typical differential nucleoli (Fig. 2 E).
In late developmental stage, the globular structures that formed embryos, exhibit 

polarity (apical and basal regions) and tracheary differentiation, which elements were 
distribute among the meristematic cells. Further sub-cultivation conducted to embryo 
differentiation or loss of cell adhesion and cell vacuolization [1].

In the embryogenic structures that formed albino plants are found cells with reduced 
cytoplasm, cavity being filled up with macromolecular compounds likely polysaccha-
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ride (Fig. 3 D, E). Abundant storage and compounds mobilization probably cause an 
inhibitory effect on mitochondria, present in a major number (Fig. 3 C). Inactive status 
of these organelles is confirmed by their compact matrix and undeveloped internal 
cristae. Also, the plastids are undifferentiated, while the interphase nuclei are typical 
morphology, showing a high functional level (Fig. 3 A, B).

Fig. 2. Structural overview of distinct zone at pre-embryonic stage. 
Fine structure of cells from compact zone - A, B, C, D, E; internal structure of cells from spongy zone – F, G, H.

Fig 3. Ultrastructural aspects of embryogenic structure derived albino plants.  
A- morphological aspect of nucleus; B general aspect of proliferative cell; C- fragment of cytoplasm  with mul-
tiple mitochondria; D, E – storage of macromolecular compounds  in vacuole cavity.
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Specific for embryogenic structures which led to the formation of green regenerants 
are presence of amyloplasts and accumulation of phenolic compounds. Cells from embryo-
genic structures are different degree of differentiation of the vacuoles (Fig. 4). Mitochondria 
are present in a major number. Nuclei are with typical structure and balanced distribution of 
heterochromatin and distinguished nucleoli (Fig. 4 A, B, D). Nucleolar organization reflects 
high metabolic activity that is necessary for the synthesis of ribosomal subunits and realiza-
tion of translational processes. The cell wall is thin. Additional primary starch deposit in 
plastids is observed insignificant reserves stored in vacuome cavity. 

It is known that an important prerequisite for the potency expression is the nutrient sub-
strate, such as starch, which serves as a source of energy for metabolic needs at the initial 
stage. The accumulation of phenolic compounds can conduct to modification of in vitro 
degradation of IAA by IAA-oxidase. Consequently, the genotype with maximum in vitro 
protection for IAA is regarded as the best genotype for androgenesis [5].

For embryogenic structures that generate green regenerants is characterized the 
development of the endoplasmic reticulum, presence of plasmodesmata, which proves 
the relationship between the cells within the tissue.

Based on obtained data were not established specific structural features between 
evaluated barley cultivars. The embryogenic structures derived from in vitro anthers 
culture present different ultrastructural aspects depending on the proliferation capacity 
and further development.

Fig 4. Ultrastructural aspects of embryogenic structure derived green plants. 
A - morphological aspect of nucleus; B - general aspect of proliferative cell; C, D, E - structural aspect of prolif-
erative cells fragments,  it is certified the presence of amyloplasts and phenolic compounds. 
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Conclusions
On base of ultrastructural study of the formations derived via microspore embryo-

genesis were revealed:
- the embryogenic initiation it is marked by the  differentiation of plasmodesmata 

and tracheary elements, while there has been characterized by a high variability of nu-
clei morphology, expressed in unbalanced chromatin distribution, reflecting a position 
effect;  

- at pre- and embryogenic stages is observed differentiation of  vacuoles, plastids. 
In cells with high proliferative capacity is remarkable presence of mitochondria in an 
increased number;

- embryogenic tissue, which subsequently generated albino plants are characterized 
by huge accumulations of starch and polysaccharides;

- in realization of androgenic potential an important role play the organelles of 
energetic systems: plastids and mitochondria, proving cytoplasmic factors involved in 
establishing embryogenic capacity.
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