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Abstract: Pure lines of 3 pepper genotypes, including one tolerant (Alata 421) and one intolerant (Alata 195) to lower temperatures
and one intolerant (Alata 277A) to higher temperatures, together with one variety (Inan3363) tolerant to higher temperatures, were
selected from the pepper collection of Alata Horticultural Research Institute (Mersin, Turkey). Two different culture media (Medium
1 - Murashige and Skoog [MS] + 4 mg L' naphthalene acetic acid [NAA] + 0.1 mg L' 6-benzylaminopurine [BAP] + 0.25% activated
charcoal + 8 g L™ agar + 30 g L' sucrose + 15 mg L™ silver nitrate [AgNO,]; Medium 2 - MS + 4 mg L' NAA + 0.5 mg L' BAP +0.25%
activated charcoal + 8 g ™" agar + 30 g L™ sucrose + 15 mg L' AgNO,) were used in this study. The anthers were cultured during different
periods (12 months) in order to determine the highest embryo formation and haploid plant regeneration. In addition, all anthers were
taken before culturing and on the 1st, 2nd, 3rd, 4th, 8th, and 14th days of different months and were fixed with Carnoy’s solution.
Development of microspores was observed cytologically using 4’-6-diamidino-2-phenylindole-2HCI (DAPI) and with acetocarmine
stain. At the end of the study, it was determined that both embryo formation and haploid plant development varied depending on
genotype and cultivation period. No significant differences in the number of embryos obtained were observed between the nutrient
media. The highest percentage of haploid embryos was obtained from the Inan3363 variety, known to be tolerant to high temperature. In
addition, the androgenic capacity of the Inan3363 variety increased to 65% during some anther culture cultivation periods. The anthers
cultured in September and July-August produced the highest yielding results compared with the other periods in terms of number of
haploid embryos. Obtaining healthy and developed plants from the embryos was more successful in April, August, September, March,
and May than in the other months. Studies on the microspores revealed that the high percentage of uninucleate phase at the beginning
of the culture decreased rapidly in the following days.
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1. Introduction

Studies on pepper anther culture in Turkey were initiated by
Abak (1983a, 1983b, 1986). The effects of growth regulators
such as kinetin, 2,4-dichlorophenoxyacetic acid (2,4-
D), sucrose, and iron components added to the nutrient
medium for anther culture of local pepper materials were
studied, together with determination of the proper flower
bud size, in these studies. AgNO_’s effect was tested in
Sanlwrfa and Kahramanmaras pepper populations by
the same researchers. Effects of two different incubation
conditions (keeping them at 35 °C for 8 days, then
transferring to 29 °C with a 16/8-h light/dark photoperiod,
followed by incubation at 29 °C in continuous light) on
haploid embryo regeneration in the local Kahramanmaras
pepper population were investigated by Terzioglu et al.
(2000). In a study conducted by Ercan et al. (2001), 11
different nutrient media containing BA, NAA, 2,4-D,
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and activated charcoal were tested for 5 different pepper
varieties in terms of embryo regeneration. Ozkum Ciner
and Tipirdamaz (2002) tested effects of cold pretreatments
(keeping buds at 4 °C for 48 and 96 h) and adding 0.25%
activated charcoal to the nutrient medium. The researchers
also observed the microspore development stage using
paraffin and acetocarmine crushing methods. The effects
of different doses of NAA, 2,4-D, BAP, kinetin, 0.25%
activated charcoal, and 10 mg L™* AgNO, supplemented to
MS medium and pretreatments at 4 °C, 29 °C, and 35 °C in
the dark on pepper anther cultures were studied by Caglar
et al. (2004). The influences of the growing conditions
of donor plants (greenhouse and open field) and AgNO,
(5, 10, 15, 20 mg L") on anther culture of pepper were
determined by Buyukalaca et al. (2004). In a study carried
out by Sayilir and Ozzambak (2005), 6 culture media
containing different combinations of 4 mg L' NAA,
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0.1 mg L' BA, activated charcoal, and carrot extract, as
well as 3 flower bud sizes, were examined in 6 pepper
varieties. Effects of growing season, age of donor plants,
and genotypes on embryo regeneration were examined
by Ercan et al. (2006) and Ercan and Ayar Sensoy (2011).
Using 5 different pepper genotypes, effects of 4 different
nutrient media, different culture periods, and abscisic acid
(ABA) were investigated by Taskin et al. (2011). A review
was published recently about pepper anther culture studies
in Turkey (Comlekgioglu and Ellialtioglu, 2018).

Studies on anther culture of the genus Capsicum in
other parts of the world were initiated by Wang et al.
(1973), George and Narayanaswamy (1973), Novak (1974),
Harn et al. (1975), and Dumas de Vaulx et al. (1981). Since
then, many researchers have focused on this subject.
Effects of activated charcoal and FeEDTA supplemented
to MS medium on pepper anther culture were investigated
by Vagera and Havranek (1985). Genotype effect on anther
culture was evaluated by Morison et al. (1986), Mityko et
al. (1995), Rodeva et al. (2004), Irikova et al. (2011), and
Niklas-Nowak et al. (2012). Kristiansen and Andersen
(1993) determined the effects on anther culture of the age
of donor plants, temperature (22 °C, 26 °C, and 30 °C),
and photoperiod during incubation. In a study conducted
by Matsubara et al. (1998), different culture periods
for pepper anthers were studied. Different durations of
colchicine application (culturing in nutrient medium
containing 0.04% colchicine for 2, 4, and 6 days) were
tested by Gemesne Juhasz et al. (2001). Different nutrient
media and incubation conditions were studied by Koleva-
Gudeva et al. (2007). Influences of different carbohydrate

sources (sucrose and maltose) and growth regulators (2,4-
D, NAA, zeatin, kinetin, and 6-BA) on pepper anther
culture were investigated by Zhao et al. (2010). Olszewska
et al. (2014) determined effects of genotype, 2 different
kinetin doses (0.1 and 0.3 mg L) added to CP nutrient
medium, and 3 different incubation durations (culturing
12, 14, and 16 days in CP medium) on anther culture.

Anther culture technique has been commonly used in
breeding studies of pepper, and thereby new varieties have
been developed. However, embryo and plant regeneration
are influenced by different factors such as genotype,
growing conditions of donor plants, nutrient medium,
and the culture period; therefore, a high percentage of
embryos cannot be guaranteed in some genotypes. The
aims of this study can be summarized as follows: (i) to
determine embryo and plant regeneration percentage of
pepper genotypes requiring different climate conditions
(both sensitive and tolerant to low and high temperatures)
for every month during a 1-year period in two different
nutrient media; (ii) to reveal the existence of a relationship
between different climatic conditions and embryo-
plant regeneration; and (iii) to examine microspore
development.

2. Materials and methods

2.1. Anther culture studies

In this study, genotypes Alata 421, 195, and 277A and the
Inan3363 variety were used as plant material (Figure 1).
Previous studies showed that genotypes 421 and 195 were
tolerant and sensitive to low temperatures, respectively.

Figure 1. The fruits of the pepper genotypes and variety used in this study: a) genotype 277A, b) genotype 195, ¢) genotype 421, d)

Inan3363 variety.
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Genotype 277A and variety Inan3363 were identified as
sensitive and tolerant to high temperatures, respectively.
All the plant materials were obtained from the pepper
breeding projects of Alata Horticultural Research Institute
(Mersin, Turkey). In a study carried out by Buyukalaca et
al. (2004), embryo stimulation of donor plants cultured
in a greenhouse was found to be higher than in those
cultured in an open field. Therefore, the pepper plants used
in this study were cultured in a greenhouse. Seeds were
planted into plugs containing peat : perlite (2 w/1 w) to
obtain seedlings, and the seedlings were then transferred
to 50 x 100 cm spaces in the greenhouse. While pepper
seedlings planted at the beginning of September were used
during the anther culture period from October to April,
new seedlings planted at the beginning of April were
used for the other months (May, June, July, August, and
September). The pepper seedlings planted at the beginning
of September and April were respectively used during the
anther culture period from October to April and during
other months. Normal horticultural cultivation practices
were implemented throughout the growing period. The
late uninucleate or early binucleate phase (the beginning
of the first mitotic division) is the best anther stage for
culturing. According to Buyukalaca et al. (2004), the length
of the corolla should be equal to that of the calyx or slightly
longer, and almost half of the anthers have anthocyanin
at this phase. Therefore, the same morphological markers
were used in this study. However, proper phase was
controlled by staining with acetocarmine at the beginning
of the study. Flower buds were sterilized using 15% sodium
hypochlorite solution including 1 or 2 drops of Tween 20
for 15 min and then rinsed 5 times using sterile distilled
water in the sterile bench. After sterilization, the flower
buds were dissected, the filaments were removed, and
the anthers were placed on nutrient medium with sterile
forceps and scalpels. The cultured anthers were incubated
at 35 °C in the dark for the first 2 days, and then they
were transferred to the growth chamber at 25 °C with an
8-h dark and 16-h light photoperiod. Two different MS
nutrient media combinations containing 2 different BAP
doses were tested in this study:

Medium 1: MS + 4 mg L' NAA + 0.1 mg L' BAP + 0.25%
activated charcoal + 8 g L™'agar + 30 g L™' sucrose + 15 mg
L' AgNO;

Medium 2: MS + 4 mg L' NAA + 0.5 mg L' BAP + 0.25%
activated charcoal + 8 g L-'agar + 30 g L™! sucrose + 15 mg
L' AgNO.,.

Hormone-free MS medium was used for regeneration of
plants from embryos (Figure 2). Five anthers taken from
each flower bud were placed into the same glass petri
dish. This study was designed with 5 replicates, with 25
anthers in each replicate. During the experiments, totals

for anthers cultured, embryos obtained, embryos per 100
anthers, anthers producing embryos, anthers producing
embryos per 100 anthers, embryos producing plants, and
plants were recorded. Ploidy level of plants was detected
using a flow cytometer (Partec GmBH) as described by
Keles et al. (2015).

2.2. Microspore development studies

Anthers were fixed in Carnoy’s solution (60% ethanol,
30% chloroform, and 10% glacial acetic acid) before
the culture and on the 1st, 2nd, 3rd, 4th, 8th, and 14th
days of different months to determine the microspore
development of cultured anthers. The nucleus of the
pepper cell is invisible due to the fact that pepper anthers
have structures that prevent the transmittance of light. In
order to break this structure, 40% ferric chloride distilled
with water was prepared, and 300 pL of this mixture was
added to 10 pL of Carnoy fixation solution. The anthers
were immersed in this solution for 30 min; 80 uL of 40%
ferric chloride solution was again added, and the anthers
were incubated for 1 day (Kim and Jang, 2000). After the
application, the anthers were maintained in 70% ethanol
until stained with DAPI. One microliter of DAPI stock
solution was diluted with 1 mL of water. The fixed pepper
anthers were crushed on glass slides with forceps and a
scalpel, and DAPI solution was added to the anthers. The
anthers were then closed with coverslips to determine
the development stages of the microspores. Microspore
developmental stages were examined with a fluorescence
microscope. Considering the time requirements of
this process, microspore developmental stage was also
determined by light microscope using the acetocarmine
staining method. For this purpose, a mixture containing
45% glacial acetic acid, 55% distilled water, and 2 g of
carmine red was prepared and heated. Following the
filtration of the solution 2 times, an acetocarmine solution
was obtained. The prepared acetocarmine was dropped
onto the pepper anthers placed on glass slides. The anthers
were crushed and closed with the coverslips. After 3 min,
the anthers were examined by light microscope. Four
anthers were used for each application and 5 observations
were performed per anther. Microspore development
was calculated by the ratio of microspore numbers in the
uninucleate, binucleate, and multinucleate stages with
total microspore numbers in the same anther.

3. Results

In this study, the effects of two nutrient media and
different seasons on pepper anther culture of three pepper
genotypes and one commercial variety were investigated.
For this aim, the experiments were repeated with two
nutrient media and four types of pepper every month over
the course of 1 year. Development of microspores was
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Figure 2. Different in vitro steps in the anther culture of pepper from culturing anthers in petri dishes to obtaining plants: a) plant
formation from the pepper embryo in the petri dish, b) in vitro pepper plants developed from embryos, c) acclimatization of in vitro

pepper plants in the plug, d) acclimatized in vitro pepper plants.

also observed using the method of fixation of anthers in
Carnoy solution.

The responses of genotypes to anther culture in two
different nutrient media and different seasons are given
in Table 1 in detail. The main outcome of the study is
discussed here in terms of the success of genotypes,
seasons, and nutrient media. Considering the effect of the
seasons, the highest results were obtained in September,
with 21.88% embryos per 100 anthers, followed by July
and August, both of which had the same value (17.60%).
The lowest results were recorded in February, June, and
November at 0.66%, 3.15%, and 4.85%, respectively. The
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data obtained from the other months were as follows:
12.39% in October, 5.44% in December, 6.44% in January,
7.17% in March, 5.33% in April, and 14.52% in May.

In terms of nutrient media, there are no considerable
differences between the results. While the percentage
of embryos per 100 anthers was found to be 10.05% in
Medium 1, it was recorded as 9.03% in Medium 2.

When the results are discussed in terms of genotypes,
the most positive response was obtained from the
Inan3363 variety, with 22.14% embryos per 100 anthers.
This was followed by genotype 277A with 10.01%. The
lowest response was observed in genotype 421, with 1.40%
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embryos per 100 anthers. The response of genotype 195
was between those of genotypes 277A and 421, with a
percentage of 4.29%.

When the acclimatized plants are considered, the
greatest number was obtained in April with 41 acclimatized
plants (from 61 total plants obtained). This was followed
by August (25 out of 56), September (23 out of 33), March
(19 out of 38), and May (19 out of 36). When the genotypes
were considered, the best results in terms of acclimatized
plants were obtained from the Inan3363 variety (97 out
of 172 plants) and 277A (39 out of 71 plants). Although
similar results were recorded for both nutrient media
tested (84 and 82 plants acclimatized from 158 and 137 of
the plants obtained, and 10.05% and 9.03% embryos per
100 anthers for Medium 1 and Medium 2, respectively),
both were found to be more successful in some cases. For
example, while the embryo induction ratio per 100 anthers
of the Inan3363 variety was 66.36% using Medium 2 in
August, it decreased to 27.59% with Medium 1. Contrary
to August, in September, these percentages for 277A
were 56.67% and 3.33% using Medium 1 and Medium 2,
respectively (Table 1).

The late uninucleate or early binucleate phase is the
best stage for anther culture. Therefore, in this study,
microspore development stage was observed both in
different months and in the nutrient media before
culturing and at the 1st, 2nd, 3rd, 4th, 8th, and 14th days of
culture (Figure 3). In genotype 277A, while the percentage
in the uninucleate stage varied between 98.97% and 100%
before culturing in February, May, August, and October,
it decreased in the following days with both nutrient
media used (Table 2). The experiments were performed
in May, August, and October for the Inan3363 variety
(Table 3) and similar results were obtained. In this variety,
the decrease in the percentage observed in the first and
following days was slower in August and October. The
uninucleate percentage of genotype 421 was found to be
93.59%-99.11% before culture in February, May, August,
and October, and the percentage decreased rapidly in the
following days (Table 4). In May, August, and October, the
percentage of genotype 195 was 98.42%-99.55%, with a
slower decrease (Table 5).

4. Discussion

The genotype effect on anther culture has already been
described in other works (Morison et al., 1986; Mityko
et al., 1995; Rodeva et al., 2004; Ercan et al., 2006; Ercan
and Ayar Sensoy, 2011; Irikova et al., 2011; Taskin et al,,
2011; Niklas-Nowak et al., 2012; Olszewska et al., 2014;
Ar et al,, 2016; Ozsan and Onus, 2017). This study also
revealed the genotype effect clearly. As stated in Section
3, the most positive responses were obtained from the

Inan3363 variety. This variety was reported to be tolerant
of high temperatures as a result of a breeding study carried
out by the Alata Horticultural Institute (Erdemli, Mersin
Province, Turkey). Therefore, obtaining successful results
from this variety can be explained with two hypotheses: the
first one is establishment of the experiments in Erdemli,
which has a Mediterranean climate (high temperature and
humidity). Obtaining positive results from the Inan3363
variety in August and September, which are known to
be the hottest months in this province, may be proof for
this hypothesis. The second one is the high androgenetic
capacity of this variety. This result for the Inan3363
variety, which is tolerant of high temperatures, is of high
importance for future breeding studies.

The Inan3363 variety was followed by genotype 277A,
which has been identified as sensitive to high temperatures.
The lowest results were obtained from genotypes 421 and
195, which are identified as tolerant and sensitive to low
temperatures, respectively. However, genotype 195, which
originated in India, had better performance in the summer
season. This can be explained by the stimulation of
embryo formation as a consequence of heat shock protein
accumulation. Jan et al. (1992) reported that temperature
stress alone is responsible for the induction of embryogenic
development and causes an altered pattern of cell division;
there may be direct involvement of Hsp 70 (heat shock
proteins) in this process. Better results being obtained in
December from genotype 421, which is tolerant to low
temperatures, is another important finding.

When the genotype effect was evaluated in terms
of months, Inan3363 was determined to be the most
embryogenic genotype in October, November, March,
May, June, August, and September, while 277A was the
best in February and April, 421 in December, and 195
in July. Genotype 277A and variety Inan3363 produced
similar results in January. Similar results were also
reported in a study carried out by Ercan et al. (2006), in
which the Kekova variety produced the highest results in
summer, while the Sera Demre 8 variety was found to be
more productive in winter. Five pepper genotypes having
different responses to low temperatures were tested for
their androgenesis capacity in different culturing periods
(per month over 1 year) by Taskin et al. (2011). The most
promising results were obtained from the anthers cultured
in April, May, and June. Grozeva et al. (2013) investigated
the effects of temperature and growth period of donor
plants on anther culture of 9 pepper hybrids and varieties.
September was found to be the most successful period in
their study, and 17.5-22.2 °C was recorded as the optimal
temperature range for embryo induction. These findings
clearly show that the response of genotypes to anther
culture can vary depending on culture periods. It is known
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G M TAN EN EN/100A EPAN EPAN/100A PPEN APN
October

1 125 13 10.40 7 5.60 2 1
277A

2 170 37 21.76 14 8.23 1 1

1 138 47 34.06 24 17.39 5 4
13363

2 125 40 32.00 23 18.40 3 2

1 125 0 0.00 0 0.00 0 0
421

2 125 1 0.80 1 0.80 0 0
195 1 180 0 0.00 0 0.00 0 0

2 126 0 0.00 0 0.00 0 0
November

1 170 16 941 10 5.88 6 4
277A

2 153 4 2.61 4 2.61 1 1

1 150 17 11.33 13 8.67 0 0
13363

2 148 29 19.59 12 8.11 0 0
01 1 204 0 0.00 0 0.00 0 0

2 225 0 0.00 0 0.00 0 0
195 1 150 0 0.00 0 0.00 0 0

2 160 0 0.00 0 0.00 0 0
December

1 201 21 10.44 14 6.97 5 2
277A

2 131 0 0.00 0.00 0 0

1 126 3.97 4 3.17 3 0
13363

2 127 6 4.72 3.94 0 0
01 1 200 22 11.00 17 8.50 0 0

2 155 11 7.10 10 6.45 0 0

1 130 0 0.00 0.00 0 0
195

2 124 0 0.00 0.00 0 0
January

1 130 32 24.62 17 13.08 14 8
277A

2 125 3 2.40 3 2.40 3 2

1 130 15 11.54 14 10.77 7 3
13363

2 165 20 12.12 13 7.88 0 0

1 156 0 0.00 0 0.00 0 0
421

2 131 0 0.00 0 0.00 0 0
195 1 125 0 0.00 0 0.00 0 0

2 125 0 0.00 0 0.00 0 0
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February

1 125 3 2.40 3 2.40 3 0
277A

2 125 3 2.40 2 1.60 0 0

1 135 0 0.00 0 0.00 0 0
13363

2 152 1 0.67 1 0.67 0 0

1 112 0 0.00 0 0.00 0 0
421

2 134 0 0.00 0 0.00 0 0
195 1 130 0 0.00 0 0.00 0 0

2 142 0 0.00 0 0.00 0 0
March

1 125 9 7.20 3 2.40 4 2
277A

2 130 0.00 0.00 0

1 136 21 15.44 8 5.88 13 9
13363

2 135 35 25.93 14 10.37 15 5

1 140 0 0.00 0 0.00 0 0
421

2 135 3 2.22 1 0.74 0 0
195 1 135 5 3.70 3 2.22 3 2

2 124 3 2.42 2 1.61 3 1
April

1 125 26 20.80 18 14.40 20 13
277A

2 142 13 9.15 10 7.04 4 2

1 158 10 6.33 8 5.06 10 8
13363

2 149 0 0.00 0 0.00 7 6

1 135 0 0.00 13 9.63 4 3
421

2 130 4 3.08 3 2.31 7 5

1 155 7 4.52 5.16 5 2
195

2 132 0 0.00 7 5.30 4 2
May

1 150 0 0.00 0 0.00 0 0
277A

2 149 9 6.04 5 3.36 2 1

1 175 79 45.14 35 20.00 18 8
13363

2 125 79 63.20 38 30.40 16 10

1 125 0 0.00 0 0.00 0 0
421

2 125 0 0.00 0 0.00 0 0
195 1 150 0 0.00 0 0.00 0 0

2 151 0 0.00 0 0.00 0 0
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Table 1. (Continued).

June

1 150 10 6.67 8 5.33 3 0
277A

2 125 1 0.80 1 0.80 0 0

1 175 9 5.14 6 3.43 0 0
13363

2 125 11 8.80 7 5.60 2 0

1 150 0 0.00 0 0.00 0 0
421

2 175 0 0.00 0 0.00 0 0

1 125 4 3.20 3 2.40 0 0
195

2 150 2 1.33 0 0.00 2 1
July

1 150 32 21.33 9 0.00 0 0
277A

2 160 27 16.88 10 0.00 0 0

1 136 19 13.74 16 11.65 0 0
13363

2 150 16 10.87 14 9.49 3 3

1 125 0 0.00 0 0.00 0 0
421

2 125 0 0.00 0 0.00 0 0
195 1 150 29 19.33 9 6.00 3 3

2 135 46 34.67 15 10.93 5 4
August

1 160 4 2.48 4 2.48 1 1
277A

2 125 6 5.00 4 3.40 2 1

1 195 52 27.59 40 20.95 16 6
13363

2 182 119 66.36 73 40.79 27 10

1 125 1 0.83 1 0.83 0 0
421

2 125 0 0.00 0 0.00 0 0
195 1 145 13 8.67 6 4.00 1 0

2 125 13 10.40 7 5.60 9 7
September

1 120 68 56.67 31 25.83 0 0
277A

2 150 5 3.33 4 2.67

1 155 89 57.42 38 24.52 6 5
13363

2 140 63 45.00 24 17.14 21 18

1 151 6 3.97 4 2.65 6 0
421

2 155 1 0.65 1 0.65 0 0
195 1 145 20 13.79 8 5.52 0 0

2 145 2 1.38 3 2.07 0 0

G: Genotype, M: medium, TAN: total number of anthers cultured, EN: number of embryos obtained, EN/100 A: number
of embryos/100 anthers (%), EPAN: number of anthers producing embryos, EPAN/100 A: number of anthers producing
embryos/100 anthers (%), PPEN: number of embryos producing plants, PN: number of acclimatized plants.
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Figure 3. Microspore development stage of pepper observed: a) nucleus degeneration, b) uninucleate phase, c) binucleate phase,
d) multinucleate phase.
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Table 2. The percentage of microspore development of pepper genotype 277A in different nutrient media

throughout the study period.
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Medium
Medium 1 Medium 2
Month Day Empty Uni Bi Empty Uni Bi
Feb 0 0.49 98.97 0.00 0.49 98.97 0.00
1 55.33 44.67 3.52 85.72 14.28 3.63
2 84.89 15.11 2.61 72.09 2791 7.23
3 92.52 7.48 0.72 93.62 6.38 0.86
4 92.64 7.36 2.55 97.02 2.98 0.42
8 96.04 3.96 0.40 96.19 3.81 1.06
14 96.12 3.48 2.04 97.75 2.25 0.00
May 0 0.00 100 0.00 0.00 100 0.00
1 38.14 58.27 3.59 26.38 65.04 8.58
2 60.28 27.97 11.75 59.10 33.95 6.95
3 72.24 20.79 6.97 80.08 18.64 1.28
4 88.21 9.63 2.16 84.26 12.72 2.58
8 96.41 3.59 0.00 98.65 1.35 0.00
14 98.93 0.86 0.20 97.19 1.77 1.04
Aug 0 0.00 100 0.00 0.00 100 0.00
1 55.21 38.82 5.96 5.94 26.26 60.05
2 71.74 25.30 2.96 0.00 0.00 0.00
3 70.56 23.58 5.87 71.75 23.90 4.35
4 82.32 15.95 1.72 92.03 7.37 0.60
8 97.21 2.79 0.00 95.38 4.25 0.38
14 97.38 2.01 0.61 98.22 1.57 0.21
Oct 0 0.00 100 0.00 0.00 100 0.00
1 64.72 32.60 2.69 62.52 33.52 3.96
2 75.40 21.16 3.44 56.72 33.19 10.09
3 73.69 17.65 8.66 74.75 22.23 3.02
4 86.48 12.16 1.36 92.46 6.66 0.88
8 94.46 5.54 0.00 96.76 3.24 0.00
14 0.00 0.00 0.00 95.60 4.09 0.31

Uni: Uninucleate phase (%) Bi: binucleate phase (%).

that air temperature in the period when donor plants
are grown affects the performance of the anther culture.
Therefore, androgenesis capacity of a genotype cannot be
determined alone by culturing it in a specified growing
time.
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One of the important findings of this study was
obtaining a high percentage of haploid embryos (65%) with
the combination of August-Medium 2-Inan3363 variety.
Such a high rate has not been obtained previously in our
studies on anther culturing of pepper (Comlek¢ioglu et al.,



Table 3. The percentage of microspore development of pepper variety Inan3363 in different nutrient media

throughout the study period.
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Medium
Medium 1 Medium 2
Month Day Empty Uni Bi Empty Uni Bi
May 0 0.51 99.49 0.00 0.51 99.49 0.00
1 55.34 39.98 4.68 50.5 39.75 9.75
2 54.94 31.86 13.21 71.93 23.19 4.88
3 69.56 25.93 4.51 82.29 14.53 3.18
4 79.96 14.10 5.95 68.72 23.85 7.44
8 94.87 4.01 1.12 92.43 5.41 2.16
14 93.85 6.15 0.00 0.00 0.00 0.00
Aug 0 8.76 89.54 1.71 8.76 89.54 1.71
1 36.68 59.94 3.38 16.08 81.05 2.87
2 64.77 26.62 8.61 64.39 30.26 5.36
3 69.84 16.79 13.38 91.70 7.66 0.64
4 62.69 22.64 14.07 61.56 28.57 9.87
8 0.00 0.00 0.00 71.83 18.23 9.94
14 49.32 37.86 12.81 77.47 18.63 3.45
Oct 0 3.53 96.47 0.00 3.53 96.47 0.00
1 24.40 70.49 5.12 15.04 77.81 7.15
2 54.95 30.33 14.72 57.38 33.41 9.21
3 70.63 22.79 6.58 48.77 36.88 14.36
4 42.21 39.62 18.17 60.13 31.47 8.40
8 79.19 17.19 3.62 29.76 49.85 20.39
14 57.68 33.11 9.21 93.84 4.69 1.47

2001; Buyukalaca et al., 2004; Taskin et al., 2011; Al Remi
et al., 2014). The results of various studies carried out by
different researchers throughout the world are also not as
high, according to our knowledge to date.

It was observed that microspores divided to form double
their number and more nuclei, or died due to nucleation
caused by culture conditions (Kim et al., 2004; Gonzalez
and Jouve, 2005). It is known that the dead pollen cells
increase and division begins from the first day of culture
(Kim et al., 2004; Gonzalez and Jouve, 2005). From the
fourth day of culture, microspores having 3 and 4 nuclei
were observed even if they were less numerous. Symmetric
and asymmetric divided multinucleate structures on the
fourth day of the culture were reported by Kim et al. (2004).
It is known that the embryo is formed with symmetrical

(division of both vegetative and generative nuclei) and
asymmetrical division of the microspores placed in
nutrient media for anther or microspore culture. In this
study, it was found that the asymmetric division ratio
was greater than the symmetric division ratio. Embryo
and microspore-derived callus formation by asymmetric
division has been reported in maize (Pretova et al., 1993)
and pepper (Kim et al., 2004). It was reported by Kim et al.
(2004) that symmetrical division was observed in pepper;
however, no embryos formed as a result of this division.
In conclusion, in this study, androgenesis efficiency of
three pepper genotypes and one pepper variety that reacted
differently to low and high temperatures was investigated
in two different nutrient media and in different cultivation
periods over the course of 1 year. At the end of the study,
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Table 4. The percentage of microspore development of pepper genotype 421 in different nutrient media

throughout the study period.
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Medium
Medium 1 Medium 2
Month Day Empty Uni Bi Empty Uni Bi
Feb 0 0.89 99.11 0.66 0.89 99.11 0.66
1 65.95 34.05 0.00 0.00 0.00 0.00
2 76.58 23.42 1.76 83.38 16.62 1.56
3 88.39 11.61 0.76 89.47 10.53 1.15
4 95.90 4.10 0.00 100 0.00 0.00
8 100 0.00 0.00 100 0.00 0.00
14 99.10 0.90 0.00 95.11 4.42 1.69
May 0 0.00 93.59 4.86 0.00 93.59 4.86
1 67.85 31.74 0.41 80.92 18.20 0.88
2 88.51 11.05 0.44 85.09 14.65 0.27
3 83.63 16.37 0.00 89.99 9.69 0.32
4 93.64 5.47 0.83 95.37 4.33 0.30
8 93.99 5.30 0.72 98.95 1.05 0.00
14 99.19 0.68 0.07 99.47 0.26 0.07
Aug 0 0.92 98.09 0.99 0.92 98.09 0.99
1 71.09 27.47 1.44 60.64 37.22 2.14
2 69.44 26.11 4.44 72.52 22.17 4.88
3 60.22 34.35 543 82.03 16.40 1.57
4 85.22 12.91 1.87 80.44 14.64 4.84
8 84.69 10.24 4.96 97.19 2.48 0.00
14 92.57 7.07 0.27 93.91 4.26 1.50
Oct 0 4.46 95.54 0.00 4.46 95.54 0.00
1 45.57 47.68 6.75 67.61 32.39 0.00
2 85.78 14.22 0.00 85.80 13.19 1.01
3 0.00 0.00 0.00 91.66 8.34 0.00
4 87.89 11.72 0.38 0.00 0.00 0.00
8 86.10 11.46 2.44 0.00 0.00 0.00
14 100 0.00 0.00 100 0.00 0.00

September was determined to be the most successful
month, followed by July and August, for the percentage of
embryos per 100 anthers. Among genotypes, the Inan3363
variety gave the best results, while 421 was the weakest
for the percentage of embryos per 100 anthers. In terms
of acclimatized plants, similar results were obtained from
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different genotypes and seasons. However, the genotypes
having different reactions to high and low temperatures
produced variable results in different cultivation periods.
In terms of nutrient media, there were no significant
differences in the results. However, each was more
successful in some periods and genotypes. This study



Table 5. The percentage of microspore development of pepper genotype 195 in different nutrient media

throughout the study period.
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Medium
Medium 1 Medium 2
Month Day Empty Uni Bi Empty Uni Bi
May 0 0.45 99.55 0.00 0.45 99.55 0.00
1 45.95 42.93 11.12 46.32 47.14 6.53
2 73.80 19.86 6.34 54.82 29.86 15.32
3 91.80 7.63 0.57 78.11 15.87 6.02
4 90.35 8.23 1.42 79.27 16.57 4.16
8 66.91 16.04 17.05 53.77 18.06 27.38
14 77.22 7.99 13.27 73.76 7.98 15.04
Aug 0 1.24 98.76 0.00 1.24 98.76 0.00
1 11.22 78.30 10.49 39.06 55.21 5.73
2 30.38 56.85 12.76 44.84 39.94 15.22
3 73.24 19.15 7.61 65.02 28.05 6.92
4 49.50 36.00 14.15 36.88 47.45 15.67
8 21.73 48.83 29.21 0.00 0.00 0.00
14 64.12 25.52 10.36 20.79 50.35 27.36
Oct 0 1.58 98.42 0.00 1.58 98.42 0.00
1 32.51 63.75 3.74 46.68 50.06 3.26
2 52.52 35.50 11.98 68.55 30.15 1.30
3 70.15 25.97 3.88 88.97 10.38 0.65
4 86.39 13.61 0.00 88.00 12.00 0.00
8 98.58 1.42 0.00 99.79 0.21 0.00
14 89.34 10.05 0.61 100.00 0.00 0.00
has clearly showed the necessity for optimization of the Acknowledgments

method used for each genotype in anther culturing of
pepper. In addition to this knowledge, determination of
the anther culture performances of the breeding genotypes
used in this study is very important for future studies
aimed at development of varieties having tolerance to low
or high temperatures.
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