
The significance of organisms with a single chro-
mosome set, as well as the fully homozygotic lines
of double haploids originating from them, in mod-
ern breeding programmes has been increasing for
numerous plant species. In breeding work on
C. annuum L., haploid plants and DH lines are be-
ing used increasingly frequently, for instance,
in research related to gene mapping (Yoo et al.
2003). They facilitate the detection of favourable
recessive mutations (Ochoa-Alejo and Ramirez-
Malagon 2001) and also in resistance breeding
(Arendo Andrés et al. 2004).

The main method of obtaining haploid plants
in pepper is androgenesis and since the first re-
ports on androgenesis in C. annuum L. (Wang
et al. 1972; George and Narayanaswamy 1973;
Novák 1974), attention has been paid to a number
of factors which considerably influence the effec-
tiveness of haploid induction. Among many, some

of the most important ones are donor plant geno-
type (Mitykó and Fári 1997; Kristiansen and
Andersen 1993), the developmental stage
of microspores (Kim et al. 2004; Özkum Çiner and
Tipirdamaz 2002) and the conditions of culture
maintenance (Nervo et al. 1995; Özkum Çiner
and Tipirdamaz 2002; Supena et al. 2006).

The principal aim of the study was to compare
the effectiveness of androgenesis induction in
the anther culture of three Polish genotypes of
C. annuum L.: two lines – ATZ1 and PO, and their
hybrid form (ATZ1 × PO)F1. Donor plants were
grown in unheated plastic tents under Polish cli-
matic conditions. Apart from this, the effect of de-
velopmental stage of flower buds from which
anthers were excised and the conditions for anther
culture maintenance, such as the length of anther
induction period on the CP medium (Dumas
de Vaulx et al. 1981), and the composition
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of the media at successive stages of the culture, on
the effectiveness of obtaining androgenic embryos
was also examined.

Flower buds being in two different develop-
mental stages were collected during the summer
and anthers were directly isolated from them – the
in vitro culture was provided with 300 anthers
of line ATZ1, 400 anthers of line PO and 390 an-
thers of the hybrid (ATZ1 × PO)F1, which were
isolated from flower buds in the phase when co-
rolla petals were equal or slightly longer than ca-
lyx sepals, as well as 470 anthers of line ATZ1,
300 anthers of line PO and 490 anthers of (ATZ1 ×
PO)F1, which were taken when corolla petals were
almost twice as long as calyx sepals (Figure 1).

Anther cultures were maintained according to
the method developed by Dumas de Vaulx et al.
(1981) with some modifications with regard to
the composition of the culture media at successive
stages, as well as the number of days when anthers
were on the CP induction medium. Anthers were
laid on the CP medium with an addition of silver
nitrate AgNO3 (5 mg 1–1). Half of the anthers iso-
lated from each genotype were cultured on the CP
medium also with an addition of 0.5 g 1–1 of acti-
vated carbon. After 12 or 14 days of induction on
the CP medium anthers were transferred to the R1

regeneration medium with an addition of 0.1
or 0.2 mg 1–1 of kinetin. First embryos started to
appear after about one month of culture onward
and the whole experiment was carried out for four
months. Green embryos were next transferred to
the V3 medium without growth regulators, and the

properly growing plants were later cultured in
a greenhouse.

The ploidy level of obtained plants was deter-
mined by means of a Partec CCA flow cytometer
equipped with a high-pressure-lamp (HBO-100W)
according to the method of Galbraith et al. (1983)
with some modifications. The cell nuclei were la-
belled with DAPI (4’, 6’ -diamidino-2- phenylidole).

A very important factor having an effect on
the success of the in vitro anther culture is careful
selection of the appropriate developmental stage
of microspores. As in the case of other species,
the same is true of pepper: the late uninucleate
phase is the most suitable stage (Mitykó and Fári
1997; Dumas de Vaulx et al. 1981), or alterna-

tively it might be the early binucleate phase (Kim
et al. 2004). Due to the difficulties with ascertain-
ing the presence of microspores in the optimal
phase directly (preparation of microscopic slides
requires the destruction of the anther) very often
other, indirect indicators are used. In the case
of pepper, the most commonly used indicator is
the relation of the corolla petals length to calyx se-
pals, which should be almost identical (Sibi et al.
1979). According to what is currently known buds
with the length of corolla petals equal to the length
of calyx sepals include microspores at the late
uninucleate stage, whereas these with longer co-
rolla petals include microspores entering the first
mitotic division or being in the binucleate phase
(Özkum Çiner and Tipirdamaz 2002). During
the experiment, anthers for in vitro cultures were
isolated from flower buds of two different sizes,
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Figure 1. The developmental stage of flower buds, at which anthers to in vitro culture were isolated



and the development of androgenic embryos was
successfully induced only in these anthers which
originated from the less developmentally ad-
vanced buds. Similar results were presented by
e.g. Özkum Çiner and Tipirdamaz (2002), who
stated on the basis of microscopic observations
that microspores in this developmental stage of
buds are at the stage of mitosis and do not develop
sporophytically. Nonetheless, as it has been men-
tioned earlier, Kim et al. (2004) believed that
the early binucleate phase of microspores is
the most optimal one as far as the induction of em-
bryos in anther culture is concerned.
The total effectiveness of androgenesis for
the analysed genotypes did not exceed 5%
(Table 1). On the basis of cytometric analysis of
anther-derived plants, it was noted that the number
of haploid and diploid plants was comparable.
In the course of the experiment, the effect
of the modifications of media composition and
of the conditions of maintaining anther culture
was analysed as well, with regard to androgenic
response of the assessed genotypes (Table 2).
As it was revealed in the study by Nervo et al.
(1995), adding activated carbon and silver nitrate
AgNO3 to the CP medium results in a significant
improvement of androgenesis effectiveness in
anther culture of pepper. The positive effect of
activated carbon on the regeneration of plants
from embryos can be explained by the fact that
growth inhibitors – such as phenols or ABA – are
absorbed by the medium (Nervo et al. 1995;
Özkum Çiner and Tipirdamaz 2002). The addition
of AgNO3 restricts ethylene production; ethylene
exhibits an inhibitory effect on embryogenesis
(Buyukalaca et al. 2004). The most visible effect
of activated carbon on the effectiveness of the
process was observed for the hybrid genotype;
however, the number of embryos of line ATZ1
was visibly higher on the media without this
component. In the experiment a clear relationship

was found also between the time when anthers
were transferred to the R1 medium and the level
of kinetin in this medium. The development
of androgenic embryos from anthers, which
remained on the induction medium for 12 days,
was observed almost only on a regeneration
medium with an addition of 0.2 mg 1–1 of kinetin,
whereas with the induction period of anthers on
the CP medium prolonged to 14 days, embryos
were obtained noticeably more frequently on the
R1 medium with an addition of 0.1 mg 1–1 of
kinetin. The results corroborate data of Gémesné
et al. (1998) who reported on the positive effect
of higher concentrations of kinetin in R1 medium
on the effectiveness of androgenesis.

The anther culture originating from buds with
longer corolla petals than calyx sepals did not re-
veal any ability of direct embryogenesis, they pro-
duced only callus and it was observed that
the ability to induce a callus depended on the ge-
notype. The most important effect of the genotype
on the effectiveness of this process was also
proved by Novák (1974), Pundeva et al. (1989)
and Matsubara et al. (1998). Furthermore, com-
paring the results with the intermediate tendency
towards androgenesis of hybrid forms in relation
to the parental components as shown in the litera-
ture, clearly reveals an intermediate ability to in-
duce a callus tissue of the (ATZ1 × PO)F1 hybrid.
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Table 2. Number of embryos obtained in anther culture of pepper in relation to CP and R1 culture media and the
time of anther transfer into the regeneration medium

Genotype CP induction
medium

R1 regeneration medium –
after 12 days of induction

R1 regeneration medium –
after 14 days of induction

R1 (0.1 mg l–1 KIN) R1 (0.2 mg l–1 KIN) R1 (0.1 mg l–1 KIN) R1 (0.2 mg l–1 KIN)

ATZ1

PO

CP
CP + a.c.*

5
4

3

CP
CP + a.c.

1
6

3
1

1

(ATZ1 × PO)F1

Total

CP
CP + a.c. 2 4

1 17 11 1

*a.c. – activated carbon

Table 1. The total effectiveness of androgenesis of
C. annuum L. induced in anthers isolated from flower
buds of petals equal or slightly longer than sepals

Genotype Embryos/100
cultured anthers

Microplants/100
cultured anthers

ATZ1 4.0 1.7

PO 3.0 1.5

(ATZ1 × PO)F1 1.5 0.3



In this case the callus developed in 64% of anthers
in comparison to its parental forms – the ATZ1
line with a relatively low ability for callus produc-
tion in the in vitro anther culture – 25% of anthers
with callus, as well as the much more responsive
PO line, where as many as 83% of anthers induced
callus.

A cytometric analysis of selected samples
of the obtained callus tissue revealed high vari-
ability of the ploidy level, even as far as the callus
originating from anthers of a single line is con-
cerned, which confirms the significant instability
and a wide diversity of this tissue (Bayliss 1980).
The presence of haploid nuclei was not found
in any analysed samples. It may provide further evi-
dence of the fact that microspores during this devel-
opmental phase lose their ability of sporophytic
development and the formation of haploid em-
bryos.

In the following studies it is important to pay
attention to the possibility to cross-bred forms re-
sistant to the induction of androgenesis with those
genotypes more responsive to form haploids,
in order to obtain hybrid forms, which having the
valuable traits of both parents, also reveal an inter-
mediate – and increased when compared to
the less responsive parent – tendency to produce
androgenic embryos (Mitykó and Fári 1997;
Mitykó et al. 1995). In connection with the low ef-
fectiveness of androgenesis in the anther culture
of the ATZ1 line, as well as the PO line – which
nevertheless constitute precious genetic material,
due to their high cropping and the fruit quality
characteristics (Nowaczyk and Nowaczyk 2001) –
it is worth conducting further research, aiming
at finding valuable (with regard to the effective-
ness of androgenesis) components in terms of
cross-breeding with the above listed lines to im-
prove their reaction in in vitro anther culture.

We are also aware of the fact that the number
of plants regenerated from embryos obtained
in anther cultures may be increased through opti-
mization of the conditions of their growth. In the
experiment carried out by Supena et al. (2006)
a very high level of embryo formation was ob-
served, but only about 20% of the obtained em-
bryos developed into mature plants. Various
disorders of the development of androgenic em-
bryos – leading to their dying out – are one
of the factors, evidently influencing the decrease
of effectiveness of in vitro anther culture.
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