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Abstract

The frequency of obtained androgenic plants depends highly on the genotype; therefore the low rate of
haploid recovery limits the utility of anther culture in pepper breeding.

In the present study the effectiveness of induced androgenesis in in vivo anther culture of 19 pepper geno-
types was investigated and established. The aim of this study was establishment of effective in vitro tech-
nology for study of haploid and diploid plant regenerants; induction of embryogenesis in pepper anther
culture; development of the embryos into regenerants as well as successful adaptation and acclimatiza-
tion of regenerants from sterile to greenhouse conditions.

The anthers were cultured according to the method developed by Dumas de Valux et al. (1981), heat
pre-treatment was applied at 35°C for 8 days in dark. The experiment showed that the effectiveness of
androgenesis process depends on pepper genotype and the conditions for anther culture maintenance. The
direct embryogenesis resulted in embryo formation that developed into plantlets.

After successful acclimatization of the regenerants firstly in climate conditions and after in greenhouse
conditions seed material from four pepper genotypes was collected: Piran, Kurtovska kapija SR, Zlaten
medal SR and Féher6zon.

The collected seed material is an excellent possibility for further breeding processes, cytogenetic and
other molecular level research.

Abbreviations: KIN - kinetin; 2,4-D - 2,4-dichlorophenoxyacetic acid
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Introduction

Creation of haploids and spontaneous dihaploids in anther culture is a well developed
and used method in plant genetics and breeding. Wang et al. (1973) obtained the first
haploid pepper in anther culture. Haploid morphogenesis of Capsicum species was
studied by George and Narayanaswamy (1973) and Kuo et al. (1973) although the pro-
duction of haploid plants was very low.

The first successful reproductive method for production of pepper haploids was de-
veloped by Dumas de Valux et al. (1981). The research on androgenesis was intensive
during the last years of the twentieth century, but the regenerants were a mixture of
haploid and diploid plants (Kaparakis 1999). In order to increase the effectiveness of
somatic embryogenesis and haploid production different stress treatment were used
(Mityko 1993, Mityko et al. 1995, Mityko and Fari 1997).

If the induction of somatic embryogenesis in culture of anthers when microspores are
in the stadium of first pollen division (n=x) is successful, haploid and diploid
regenerants will be obtained (Koleva-Gudeva 2003).

Nowadays, androgenesis in in vitro conditions is an effective method for induction of
haploids (Koleva-Gudeva et al. 2007).

Materials and methods

Nineteen pepper genotypes were used as anther-donor plants (Table 1). Anther-donor
plants were grown under greenhouse conditions at the Institute of Southern Crops, Re-
public of Macedonia from 26" May when 4-weeks old seedlings were transplanted
into polyethylene pots filled with mixture of soil, sand and perlite. The temperature in
the greenhouse was regulated through lateral and roof windows. Also the greenhouse
was externally sprayed with a calcium carbonate/calcium oxide (lime) suspension for
heat reduction (shading). The greenhouse temperature was maintained at 20 °C mini-
mum and 28 °C maximum. During growing season the plants were free of pests and
fungal diseases. Mother plants were used during the four weeks after the first flower
buds appeared. The flower buds were harvested when the corolla was of the same
length as the calyx or slightly longer.

The developmental stage of the microspores was determined in microscopic slides of
acetocarmine squashes. Flower buds were surface sterilized in 70 % ethanol for sev-
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Table 1. List of accession code and origin of pepper genotypes used in the experiment

Nr. Accession Pepper genotype Origin of production

1 MK1 Piran Macedonia

2 MK?2 Kurtovska kapija BG Bulgaria

3 MK3 Kurtovska kapija TR Turkey

4 MK4 Zlaten medal ST Macedonia - Stip

5 MKS5 Kurtovska kapija MK Macedonia - Strumica 2002
6 MK6 Bonbona Macedonia - Strumica

7 1 Slatko luta Macedonia

8 3 Vezana luta Macedonia

9 4 Sivrija Macedonia

10 5 Feferona Macedonia

11 7 Zlaten medal SR Macedonia - Strumica

12 8 Kurtovska kapija SR Macedonia - Strumica 2000
13 9 California wonder Serbia

14 15 Féher6zon Hungary

15 16 Rotund Macedonia

16 1H Pritavit F1 Hungary

17 2H Tomato shaped sweet Hungary

18 3H Tura Hungary

19 4H Majori Hungary

eral seconds, then in 5 % Ca (CIO) 2 + 2-3 drops Tween 20 for 10 minutes, and rinsed
three times in sterile distilled water. After the removal of the filaments, anthers from
three flower buds were placed in Petri dish (6 cm diameter) with the concave face
down touching the culture medium.

The method of Dumas de Valux et al. (1981) was used for induction of androgenesis.
According to the method, the anthers were cultivated on CP medium + 0,01 mg/l KIN
+ 0,01 mg/l 2,4-D with incubation of 8 days in darkness at 35+2 °C, the following 4
days the anthers were transferred to clime chamber at 2542 °C with photoperiod of 12
hlight/12 h dark. Afterwards, the anthers were subcultured on R| medium + 0,01 mg/1
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KIN and placed in clime chamber at 25+2 °C with photoperiodism 12 h light/12 h dark.
Young shoots emerging from the anthers were transferred onto hormone free V3 media
in order roots to be formed.

The plantlets were planted on sterile mixture of perlite : peat : sand (1:1:1) and accli-
matized in clime chamber and later placed in greenhouse under cover in order cross-
pollination to be barred.

Data analysis

All data on percentage of embryogenic anthers and number of embryos per 100 an-
thers were subject to analysis of variance (ANOVA), and the mean values were evalu-
ated at the p < 0.05 level of significance using Duncan’s Multiple Range Test.

Results and Discussion

Pepper is recalcitrant in cultures in vivo and the results in cell and tissues cultures are
moderate. Anther culture is the only exception from this rule (Mityko and Fari 1997).

Not all genotypes under investigation were able to produce haploid embryos. After
the induction period on CP medium for 12 days the anthers were subcultured on R
medium where, since the beginning the embryos showed totipotency, progression in
development, growth and shoot formation.

The shoots continued the development on V3 medium, where in absence of phyto-
hormones young plants were formed (Figure 1a). The rooting was also on V3 medium
and well rooted shoots were transferred on sterile mixture of sand : perlite : peat in ra-
tio 1:1:1. In this stage the plants were ready for adaptation and acclimatization in
greenhouse conditions.

From 19 pepper genotypes under investigation, 12 possessed potential for formation
of direct somatic embryos. The hot genotypes Feferona, Vezena luta, Sivrija and
Bonbona and the sweet genotypes Rotund, Kurtovska kapija TU and Kurtovska kapija
MK did not show androgenic potential, i.e. in anther culture they did not form haploid
shoots. There are several factors affecting androgenesis in many species, such as ge-
notypes (Mitykd et al. 1995, Rodeva et al. 2004), growth of donor plants,
pretreatments of anthers (Koleva — Gudeva 2003) and composition of medium
(Koleva — Gudeva and Spasenoski 2001).
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Figure 1.

a. Development of the embryos
into regenerants on V3 medium.

b. Acclimatization of the rege-
nerants in clime chamber under
controlled conditions.

c. - f. Fully developed plants of
different pepper genotypes cre-
ated via androgenesis under
greenhouse conditions.

KURTOVSKA

ZLATEN . N
= MEDAL KAPIIA

P

According to the classification of Mityko and Fari (1997) for identification of
androgenic potential according to the percentage of anthers that give embryos, pepper
types are classified into:

- poor androgenic potential - less than 5 % embryogenic anthers

- fair androgenic potential - 5.1 — 15 % embryogenic anthers

- good androgenic potential - 15.1 — 30 % embryogenic anthers

- excellent androgenic potential - over than 30 % embryogenic anthers

The results of our research showed that somatic embryos are formed on CP medium
with heat temperature stress (+35 °C) which is in concord with the findings of Dumas
de Valux et al. (1981).
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Table 2. Haploid embryo induction from anthers of different pepper genotypes

Pepper genotype Total number Embryogenic Number of em-  Embryogenic
of anthers anthers (%) bryos response
per 100 anthers
Féher6zon 1502 17.39 a 32.60 be Good
Tura 300 17.05 a 17.05 ab Good
Pritavit F1 330 9.23 abc 9.39 abc Fair
California wonder 151 6.67 abc 5.67c Fair
Zlaten medal SR 1031 6.12 abc 8.97 bc Fair
Majori 330 5.83 abc 6.73 ¢ Fair
Piran 823 5.03 abc 34.05 ab Poor
Zlaten medal ST 723 4.29 be 18.57 be Poor
Tomato shaped sweet 360 4.17 be 4.54c Poor
Kurtovska kapija BG 620 2.90 be 50.55a Poor
Kurtovska kapija SR 875 2.73 bc 10.20 be Poor
Slatko luta 140 2.43 be 333¢c Poor
Feferona 79 0.00c 0.00c No
Vezena luta 83 0.00 ¢ 0.00 ¢ No
Sivrija 104 0.00 ¢ 0.00 ¢ No
Rotund 109 0.00 ¢ 0.00 ¢ No
Kurtovska kapija TU 236 0.00 ¢ 0.00 ¢ No
Kurtovska kapija MK 122 0.00 ¢ 0.00 ¢ No
Bonbona 270 0.00 ¢ 0.00 ¢ No

Mean within a column followed by the same letters are not significantly different at p < 0.05 according to
Duncan’s multiple range test.

From all 19 genotypes, 12 showed ability for embryo formation (Table 2):

- 2 genotypes with good androgenic potential: Tura and Féher6zon;

- 4 gentypes with fair androgenic potential: Pritavit F1, Californian wonder, Zlaten
medal SR and Majori;
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Table 3. Seed material collected from four pepper genotypes obtained in in vitro anther culture

Pepper genotype Number of plants | Number of seeds per fruit Total number of seeds
Kurtovska kapija SR 9 31.33 282
Zlaten medal SR 4 72.50 290
Piran 8 26.87 215
Féher6zon 11 38.54 424

- 6 genotypes with poor androgenic potential: Piran, Zlaten medal ST, Tomato shaped
sweet, Kurtovska kapija BG, Kurtovska kapija SR and Slatko luta;

-7 genotypes do not possess androgenic potential: Feferona, Vezena Luta, Sivrija, Ro-
tund, Kurtovska kapija TU, Kurtovska kapija MK and Bonbona.

Seed material was collected from four genotypes: Kurtovska kapija SR, Zlaten medal
SR, Piran and Féher6zon (Table 3, Figure 1 c-f). The collected seed material is a good
base for further cytogenetic and molecular research and involvement in the process of
pepper breeding in order to create better varieties.
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