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ABSTRACT
The study-compared effect of cytokinins on morphogenesis and ploidy of plants regenerated in vitro from explants of
‘Stanola F1’, ATZ and ATM pepper seeds. The aim of defining the morphogenetic potential of the studied genotypes, halfseed explants consisting the proximal part of the hypocotyl and radicle were put onto the MS medium containing BAP (5.0
mg.dm-3), 2iP (2.5 mg.dm-3), ZEA (2.5 mg.dm-3), TDZ (1.5 mg.dm-3), while MS medium without cytokinins constituted the
control. After the initiation period, explants were transferred onto the medium without cytokinins. The effect of the growth
regulators to the morphogenetic response of explants was estimated based on the number of explants on which adventitious
buds and shoots were developing. The cytokinins applied did not show a significant effect on the development of
adventitious buds on pepper explants. However, the ability to regenerate shoots increased with subsequent passages. There
was observed an effect of BAP, applied in the initial medium, on the number of shoots in ‘Stanola F1’. Similarly there was
noted a formation of flower buds in vitro on regenerated shoots of all genotypes; the number of flower buds was the greatest
in ‘Stanola F1’, also due to the effect of BAP in the initial medium. All the plants obtained in the experiment were diploid
(2n=24).
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INTRODUCTION
Plant cell, tissue and organ cultures and genetic engineering offer a new tool, which might accelerate the
production of peppers with desire quality traits and resistance to biotic and abiotic stresses. The success of these
efforts depends on an efficient in vitro plant regeneration system and genetic stability of regenerated plants.
Researching the morphogenetic potential of pepper in vitro, some authors report on forming leaf-like structures
or numerous adventitious buds on explants, which do not develop into normal shoots [1,8, 20,27]. However, in
vitro plant regeneration was achieved in pepper from hypocotyl, shoot tip, cotyledon and leaf explants
[1,4,7,8,10,12,19,20,23,26,28]. Another source of explants was identified in halves of imbibed seeds with the
proximal part of hypocotyl and radicle [3,9,21]. The application of that method made it possible to elongate the
induced buds and plant development in a relatively short period of time. Unlike other explants tested, seed halves
formed adventitious shoots without growth regulators in the medium, although in some genotypes cytokinins
increased the regeneration effectiveness [3]. The results of research on the development of efficient and
repetitive plant regeneration system and its applications for genetic manipulations call for experimental
definition of cytokinin type and concentration in medium for each genotype [2].
The present study aimed at comparing of the effect of various cytokinins on morphogenesis and ploidy of pepper
plants obtained in vitro from seed explants of ‘Stanola F1’ and ATZ and ATM lines.
MATERIAL AND METHODS
The pepper seeds of ATZ and ATM lines and ‘Stanola F1’ cultivar were provided by Nowaczyk collection from
the Bydgoszcz University of Technology and Agriculture. The seeds were surface sterilised with 70% ethanol (1
min) and with 5% calcium hypochlorite (7 min) and then rinsed with distilled water. The sterile seeds were
placed onto Petri dishes with filter paper moistened with sterilized water. After four-day preculture, imbibed
seeds were cut into two parts. The one which contained the proximal part of hypocotyl and radicle was cultured
on basal MS medium [17] supplemented with: BAP - 6 – benzylamino purine (5.0 mg.dm-3), 2iP - 6γ-γ-dimethyl
(allyl) amino purine (2.5 mg.dm-3), ZEA – zeatin (2.5 mg.dm-3) and TDZ – thidiazuron (1.5 mg.dm-3). MS
medium without cytokinins constituted the control (0RW). The medium was adjusted to pH 5.6 and solidified
with 0,8% agar. 24 explants of each pepper genotype studied were put onto control and tested media.
The initiation was followed by 2 subsequent passages, every 4 weeks, transferring onto MS medium without
cytokinins all the explants with buds and shoots differentiated, where 100% stood for the number of
differentiating explants in each passage. In vitro cultures took 12 weeks under controlled conditions (temperature
of 24°C, light intensity of 2000 lux, 16-h photoperiod and RH of 80%). The experiment was carried out in 3
reps.
The morphogenetic response of pepper to cytokinins applied was expressed as a number of explants which
formed adventitious buds and where shoots differentiated. After 12 weeks the number of shoots with flower buds
developing were also defined as well as the number of flower buds per plant. The results obtained were verified
with variance analysis.
The assessment of ploidy level was based on chromosomal analyses. The number of chromosomes in
meristematic cells of initiated buds and apical meristems of shoots were counted after 4 weeks off culture
initiation and also after 2 subsequent passages with aceto–orcein methods. The plant material was pre-treated at
2°C for 24h and fixed (24h) in acetic acid and ethanol (1:3). The samples were stained with 2% orcein for 24h
and macerated while heated slightly over the burner then squashed with the drop of 45% acetic acid and
observed under microscope. Mitotic index was defined in randomly sampled 1000 meristematic cells with the
formula IM = n.100/1000 (n – the number of cells in respective mitosis stages).
RESULTS
The half-seed explants of ATZ, ATM and ‘Stanola F1’ cultured on MS medium control and the one containing
cytokinins showed over the first two weeks a development of radicle and hypocotyl elongation. Over subsequent
initiation weeks, adventitious buds differentiated around the hypocotyl cut surfaces. A significant effect of
cytokinins on adventitious bud development over initiation was not observed, except for slight stimulation of this
process due to BAP, 2iP and ZEA application for ATZ and ATM lines (Table 1).
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Table 1. Effect of cytokinins and genotype on adventitious buds formation on seed explants (initiation*)
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* means for 3 reps, each replicate comprised 24 explants; ns – non-significant difference

Over the first 4 weeks of culture, the ability of explants to shoot regeneration was inconsiderable. Depending on
the genotype, the number of explants with shoots amounted to 0.3 – 5.0 (1.4 - 20.8%) on average. ‘Stanola F1’
was better for shoot regeneration then other genotypes (Table 2).
Table 2. Effect of cytokinins and genotype on adventitious shoots formation on seed explants (initiation)
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All the explants with buds and adventitious shoots were subcultured onto the medium without cytokinins. The
morphogenetic response depended on the genotype, period of culture and cytokinin type. The cytokinins tested
in initial medium increased the explants ability to bud formation in subsequent passages; in ATM (passage I) and
‘Stanola F1’ (passage II) revealed a stimulating effect of BAP (Fig. 1). During second passage shoot development
was most numerous while the maximum number of shoots (15.7) was formed in ‘Stanola F1’ (Table 3).
Fig. 1. Effect of cytokinin, genotype and culture time on the adventitious shoots formation on pepper seed explants
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Table 3. Number of shoots obtained from seed explants after 4, 8 and 12 weeks of culture
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The morphological analysis included also the number of flower buds developing on regenerated shoots. The
ability of plants to form flower buds was observed following passage II (12-week culture). The highest number
of shoots with flower buds was recorded in ATZ line whose explants over initiation were cultured on the ZEA
medium (Fig. 2A) and the highest number of flower buds formed per explant – in ‘Stanola F1’, which was due to
BAP applied in the initial medium (Fig. 2B) (Phot. 1).
Fig. 2. Effect of cytokinins and genotype on the flower bud formation
A - number of shoots with flower buds
B - number of flower buds per shoot
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Phot. 1. Flowering plant in culture in vitro

Plants regenerated from half-seed explants of the three sweet pepper genotype cultured on the control medium,
as well as with cytokinins, were diploids (2n = 24) (Phot. 2), which showed that application of cytokinins, their
concentration and culture time did not affect the ploidy of the plant obtained. Also mitotic index expressed as a
percentage of dividing cells was defined in meristematic cells of regenerant (Table 4). TDZ and ZEA applied in
initial medium increased the value of mitotic index only in ATM line, as compared with the control.
Phot. 2. Mitotical chromosomes in cells of root tips and shoot meristems
(2n=24)
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Table. 4. Effect of cytokinin on the mitotic index of apical meristem cells in regenerated plants
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DISCUSSION
Halves of imbibing sweet pepper seeds containing proximal part of hypocotyl and radicle provided a source of
explants. The experiments carried out resulted in a regeneration of whole plants, which developed flower buds
and flowered in vitro.
In vitro plant regeneration depends on genotype and explant source. Exogenous growth regulators are important
for the expression of this capacity. Additionally the hormonal regulation of morphogenesis depends on the place
of their synthesis and transport and so the radicle, which is the place of endogenous cytokinin synthesis, is
indispensable to shoot organogenesis, especially when explants are incubated on the medium without growth
regulators [3, 9].
The present experiment showed a varied sensitivity of the cultivars tested to cytokinins. Similarly elongation rate
for buds and shoots development depended on the pepper genotype which confirm the cross-cultivars differences
in the ability to regenerate plants observed also in other experiments [3,4 23]. A varied cultivar response to
cytokinins may depend on the activity of enzymes in the metabolism of these phytohormones and exogenous
cytokinins added can inhibit the synthesis of endogenous cytokinins and disturb the regeneration process [18]. In
the present research all that resulted in a formation of deformed-leaf rosettes, which did not develop shoots, in
shoot elongation failure and inhibited root development.
Out of all the cytokinins tested, BAP in the initial medium stimulated the formation and development of
adventitious shoots; however the cultivars showed the greatest capacity to regenerate shoots after about 12-15
weeks (passage II). The ability to form buds and adventitious shoots shows the explants competence. However,
the factors acting during culture (time, growth regulators) determine explant cells to morphogenetic response.
According to Ramage and Leung [19], to induce the regeneration of shoots in ‘Sweet Banana’ pepper a
minimum of 8-day culture on BAP is needed. Besides BAP, explants, while acquiring competence, cannot do
without carbohydrates (saccharose) which determine the organogenesis [19].
The cytokinins applied in the present experiment, TDZ, as compared with other cytokinins researched, inhibited
the induction and elongation of adventitious buds in all the genotypes. In some plants TDZ shows a high
effectiveness in stimulating shoot regeneration depending on cytokinins [5, 13]. Similarly in some sweet pepper
genotypes recalcitrant to BAP and IAA and in hot pepper TDZ stimulated the regeneration process and bud
elongation [15,26].
After 12 weeks of culture flower buds developed on adventitious pepper shoots regenerated in vitro, which also
depended on the genotype and the type of cytokinins applied in the initial medium. The development of flower
buds on pepper microseedlings is quite rare. However, despite the observed flowering in cultures in vitro, flower
buds were withering very often due to culture conditions and only few developed fruits [15,22,23,24].
Cytokinins contained in the medium stimulated flowering in vitro on shoots of varied species of Passifloraceae
regenerated from leaf explants [25]. Also BAP or KIN stimulated flower bud formation on flowering-induced
Pharbitis nil explants [11]. Literature and the present results confirm the activity of these growth regulators in
plant flowering control. As part of the signalling system, they transfer information to shoot meristems about
changes in the morphogenetic program [11,14].
Cells and tissues of shoots forming in vitro, especially by indirect organogenesis, there can occur caryologic
changes in the chromosome number and structure leading to a development of poliploids and aneuploids as well
as changes in genome. The kind and frequency of these changes depend on the plant material genotype used as
explant as well as culture conditions, especially type and concentration of growth regulators and culture time.
The present research showed that shoot regeneration did not involve callus, and adding cytokinins to the initial
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medium did not caused on disturbances in mitosis and changes in plant ploidy. Similarly Christopher and Rajam
[7], using various red pepper (C. praetermissum, C. baccatum and C. annuum) seedling explants, and low
concentrations of growth regulators, obtained diploid plants. However, there were observed also negative effects
of growth regulators in media on the chromosome structure and their number in regenerants. A high
concentration of cytokinins in the initial medium disturbed mitosis in cells of apical meristems of shoots C.
praetermissum and C. annuum, including chromosome aberrations, delayed chromosomes and anaphase
bridges [6].
Changes in the number of chromosomes and their structure due to growth regulators of high concentrations and
culture conditions were observed also in other plant species regenerated in vitro [16].
Genetic stability of the regenerants obtained and the fact that the regeneration does not involve callus suggest
that the application of this method is well justified in micropropagation of valuable sweet pepper genotypes and
in genetic manipulations.
CONCLUSIONS
1. The experiment resulted in regeneration of pepper plants which under in vitro conditions developed
flower buds and flowered.
2. The capacity to regenerate adventitious shoots depended on the genotype, kind of cytokinins and time
of the culture.
3. The most numerous adventitious shoots were formed in the second passage. Out of all the genotypes
studied, the highest morphogenetic potential was observed in ‘Stanola F1’ in which shoot and flower
bud formation was due to BAP applied in the initial medium.
4. Shoot regeneration did not involve callus, which decreases the probability of somaclonal variation.
Cytokinins present in the initial medium did not disturb in mitosis. Neither did they cause changes in
ploidy in regenerants, which suggests that the application of this method is well justified in
micropropagation of valuable sweet pepper genotypes and in genetic manipulations
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