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Abstract: Some of the main morphogenetic processes in plants can be developed into in vitro

conditions using Petunia x hybrida. Processes like callusogenesis, shooting, rooting, rhizogenesis,

somatic embryogenesis and xylogenesis are essential for the normal development of any plant.

By changing the hormone balance into the culture medium can be achieved all these processes

making from this species one of the most suitable plant model system for development studies.
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Introduction

Plant morphogenesis, is achieved by complex processes which lead from physiological-

ly point of view, to the fully development of cells, tissues, organs and the entire organism during

its life cycle. Some of these processes (i.e. callusogenesis, rhizogenesis, shooting, somatic

embryogenesis, xylogenesis) are easy to be studied on Petunia x hybrida into in vitro conditions.

Material and methods

Plant material. Seeds of Petunia x hybrida have been germinated into in vitro condi-

tions. Petunia seedlings were used as starting material for callusogenesis. The primarily calli

were used for shooting, rhizogenesis, xylogenesis and somatic embryogenesis studies.

Culture media. Murashige-Skoog mineral basal media (MS62) were used for all vari-

ants. Callusogenesis was initiated on the MS62 medium supplemented with 1 mg/l 2.4 D and

BAP 0.1 mg/l. Xylogenesis and somatic embryogenesis were induced on the same MS62

basal medium supplemented with 2.4 D (1 mg/l) and BAP (0.2- respectively 0.1 mg/l). The

expression of xylogenesis was acquired on a MS62 medium supplemented with 1 mg/l

cytokinin. The expression of somatic embryogenesis was acquired on a medium without hor-

mones. Rhizogenesis is easily induced on a MS62 medium supplemented with auxin at higher

concentrations (0.5-1 mg/l). For shooting is recommended to use higher concentrations of

cytokinins (0.5-1 mg/l) and very low amounts of auxins (0-0.1 mg/l).

Culture conditions. Callusogenesis, rhizogenesis and shooting have been

conducted at 22-24° C a photoperiod of 16/8h and a light intensity of 53.8 pmol/m's.
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The final stages of xylogenesis and somatic embryogenesis may be conducted in dark con-

ditions and at the same temperature. As vials were used Petri dishes of 6 cm in diameter with

12 ml medium/Petri dish.

Histological studies. Squash analysis of callus samples, or calli samples treated for

xylogenesis or somatic embryogenesis were stained with methylene-blue day solution (0.4%)

and examined in light microscopy.

Results and discussions

These experiments emphasized the great reactivity of petunia for in vitro culture. By

only modulating hormone balances it is easy to control specific morphogenetic processes,

justifying its use as a model plant for morphogenetic processes studies

(http://www.cx.unibe.ch/ens).

Callusogenesis A hormone balance in the favor of auxins induced easily the callus

formation. This undifferentiated tissue is appearing not only at the wounding sites but allover

the seedling surface. After the installation of an obviously hypertrophy process callusogene-

sis is expressed apparently in a hazardous manner. Squash analysis of the calli samples

revealed a large diversity of cells (e.g. size, shape) (Fig. 1b). Occasionally, within the callus

tissue appear cells that are producing anthocynains, considered as a response towards the

stressful conditions.

Shooting process is stimulated by higher concentrations of cytokinin, auxins being

required in small amounts (Fig. 1c). Shoots are usually appearing from the cell clusters with-

in the callus, and the lack of auxins does not allowing the development of root system.

However, auxin presence into the culture medium is essential for rooting.

Rhizogenesis into petunia callus is acquired under high concentrations of auxin (1 mg/l)

and small concentrations of cytokinin (0.1 mg/l). Globular cell clusters are apparently

involved in root formation, and usually give rise to thin root bunches (Fig. 1a).

Somatic embryogenesis is among the most complex morphogenetic process in

plants, by which a single somatic cell can divide and transform, in special conditions, into a

somatic embryo. This process is supporting the hypothesis of cell totipotency, elaborated by

Haberlandt in the beginning of the last century (1902). According to Dudits (1987) the artifi-

cial hormone 2.4-D and wounding stress are essential factors to induce somatic embryoge-

nesis During the last two decades, this phenomenon was very ample analyzed, at cellular

and molecular levels, and some authors consider that this character is not expressed by all

plant living cells (Potrikus 1991). Thus not all cells belonging to a highly embryogénie tissue

can develop into somatic embryos, and was proved that most of these cells are ensuring the

development of the formers into embryos (Laux & Jürgens 1997, McCabe et al. 1997). This

process is very complex and demands also cell-to-cell signaling, as stated lot of other

authors (Kreuger & Hoist 1996, Gorst et al. 1997, Thompson & Knox 1998, Filonova et al.

2000, Dyachok et al. 2002). Somatic embryogenesis process might be acquired in two steps:

the first step is essential to induce the competence for embryogenesis and during the se-

cond step will be expressed this embryogénie potential. This two stages process needs also

two different media for the same plant in vitro system. In the first step, the presence of 2.4-D

is essential and in the second step the removing of all hormones from the media composi-

tion is also required to obtain somatic embryos (Fig. 2c).
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Xylogenesis is a specific type of cell apoptosis. Certain positioned cells from the

plant system are committed to develop suicide and transform themselves into xylem vessels,

which are essential in tissue nutrition (Fukuda 1997). Other types of apoptosis exist also in

plants and are very important for normal plant development. Petunia callus can develop ea-

sily xylem vessels when is transferred from a medium supplemented with 2.4-D onto a medi-

um supplemented only with cytokinin. Squash analysis of the callus showed the development

of xylem vessels that very often are organized into nodules: lot of xylem cells very tightly ser-

ried (Fig. 2a,b). The lack of auxin into the culture medium is a stressful condition for the cal-

lus cells, which is essential for xylem development. Like the phenomenon described above,

xylogenesis is a two step process: the first step is essential for acquiring xylogenesis com-

petence and the second stage for expressing it.

Conclusions

These above described processes: callusogenesis, shooting, rhizogenesis, somatic

embryogenesis and xylogenesis are essential morphogenetic events for plant development.

Tissues like callus or organs like roots are valuable sources to obtain secondary metabolite

for biotechnological purposes. Somatic embryogenesis is important both for biotechnological

purposes and theoretical studies of plant development. Studying xylogenesis can bring new

clues for understanding molecular basis of apoptosis and more to develop new tasks for plant

breeding, in order to obtain valuable cultivars in crop plants for a sustainable development.
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Rhizogenesis is initiated on petunia callus (a) when it is transferred onto a medi-

um supplemented with high levels of auxin (arrow). Occasionally, are appearing antho-

cyanins producing cells (double arrow). Squash analysis revealed the presence of a large

diversity of cells (size and shape) (b) (x 900). Shooting is initiated on culture media supple-

mented with high concentrations of cytokinins (c).

Fig. 1



Xylem cells revealed in light microscopy from petunia callus squash sam-

ples (a) (x 1800). Very often are seen such cells very tightly serried into apparently

organized structures: xylem nodules (2) (x135). Different size of petunia somatic

embryos (3) (bar-1 cm).

Fig. 2
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PETUNIA X HYBRIDA MODEL EXPERIMENTAL PENTRU STUDIUL

MORFOGENEZEI IN VITRO LA PLANTE

Rezumat: O parte din procesele morfogenetice importante la plante pot fi urmărite

în condiţiile cultivării in vitro prin folosirea plantei Petunia x hybrida. Procese precum: calu-

sogeneza, lăstărirea, rizogeneza, embriogeneza somatică şi xilogeneza sunt esenţiale pen-

tru dezvoltarea normală a oricărei plante. Schimbând doar balanţa hormonală din compoziţia

mediului de cultură se pot obţine toate aceste procese, realizând din această specie una din-

tre cele mai potrivite plante model experimental pentru studiile dezvoltării.

Cuvinte cheie: Petunia x hybrida, calusogeneză, lăstărire, rizogeneza, embrio-

geneza somatică, xilogeneza


