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Abstract: This study was conducted with the purpose of investigation of the effects of genotype, nutrient media, 

pre-treatments and incubation conditions on haploid plant development on some three-lobed pepper genotypes. İstek 

F1, Köylüm F1, Üçburun F2 and Tokat local genotype were used as donor plants. DDV (Dumas de Vaulx et al., 1981) 

and MS (Murashige and Skoog, 1962) were used as nutrient media. Furthermore, 0.01 mg L-1 Kinetin + 0.01 mg L-1 

2,4-D + 0.03 mg L-1 Vitamin B12 were added to the media. Flower buds were held at 4 oC for 24 hours. Low-

temperature treatment was not applied on flower buds of control plants. After anthers were placed in the nutrient media, 

they were held at 9 oC and 35 oC for 8 hours in the darkness. Afterwards, anthers were held at 25±2 oC for 16 h day / 8 

h night for 4 days and transferred to regeneration media. All genotypes that were used in the experiment gave a response 

to the anther culture more or less. The highest embryo development was obtained from Tokat genotype. Embryo 

development rates varied between 0.25% and 31.00% by treatments. While embryo development rate was 3.9% in MS 

medium, it was 9.33% in DDV medium. Moreover, while embryo development rate was 6.7% on anthers that were 

exposed to cold pre-treatment, it was 6.4% in the control treatment. Embryo development rate in 9 oC and 35oC 

incubation treatments were 7.60% and 5.50% respectively.  

 

Keywords: Anther culture, DDV,  genotype, incubation, MS, pre-treatment 

 

Besin Ortamı, Stres Koşulları ve Genotipin Biberde Androgenik Başarı Üzerine 

Etkisi 

 
Öz: Çalışmada üç burun meyve yapısına sahip biber genotiplerinde genotip, besi ortamı, stres ve inkübasyon 

uygulamalarının anter kültürü yöntemiyle haploid bitki oluşumuna etkileri araştırılmıştır. Denemede donör bitki olarak 

İstek F1, Köylüm F1, Üçburun F2 ve yerel genotip olan Tokat biberi kullanılmıştır. DDV (Dumas de Vaulx ve ark., 

1981) ve MS (Murashige ve Skoog, 1962) olarak bilinen ortamlar besi ortamı olarak kullanılmıştır. Ortamlara 0.01 

mg/L Kinetin + 0.01 mg/L 2.4D + 0.03 mg/L Vitamin B12 ilave edilmiştir. Çiçek tomurcukları 4 oC’de 24 saat 

bekletilmiştir. Kontrol bitkilerinin tomurcuklarına düşük sıcaklık uygulaması yapılmamıştır. Anterler, besi ortamına 

ekildikten sonra 9 oC ve 35 oC’de 8 gün süreyle karanlık ortamda bekletilmiş ardından 16 saat gündüz/8 saat gece ve 

25±2 oC sıcaklığa sahip ortama alınmıştır. Bu ortamda 4 gün bekleyen anterler daha sonra rejenerasyon ortamına 

aktarılmıştır. Denemede kullanılan genotiplerin hepsi anter kültürüne az ya da çok cevap vermişlerdir. En yüksek 

embriyo oluşumu yerel Tokat genotipinden elde edilmiştir. Embriyo oluşum oranları uygulamalara göre  % 0.25 ile % 

31.00 arasında değişmiştir. MS besi ortamına ekilen anterlerden embriyo oluşum oranı %3.9 olurken, DDV ortamına 

ekilen anterlerden embriyo elde etme oranı % 9.33 olmuştur. Ön uygulamaya tabi tutulan anterlerde embriyo oluşum 

oranı %6.7 olurken, kontrol uygulamasında % 6.4 olmuştur. Çalışmada 9 oC inkübasyon uygulamasında embriyo 

oluşum oranı % 7.60 olurken, 35 oC’de inkübasyon uygulamasında embriyo oluşum oranı % 5.50 olmuştur. 

 

Anahtar Kelimeler: Anter kültürü, DDV, genotip, inkübasyon, MS, ön uygulama 

 

1. Introductıon 

Capsicum annuum is the most produced 

pepper among all species and has the biggest 

share of pepper production in Turkey and in the 

world. Pepper production increases continuously 

between 4-10% every year in Turkey. Especially 

since the green revolution, there have been 

important developments in pepper like many 

species, and breeding studies increased. Pepper 

breeding has been developed in all-purpose, and 

many superior biotechnological methods have 

been started to use. Anther culture is significant 

among these methods. The first haploid plant 

developed from male gamete was found in a 
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cotton plant in 1920 (Dunwell, 2010). In addition, 

first studies about haploid plant development in 

in vitro conditions with anther culture method 

were started by Wang et al. (1973). The first 

pollen embryogenesis studies were started by 

George and Narayanaswamy (1973). In Turkey, 

Abak (1983) has led first studies about anther 

culture. 10.38% success rate was obtained with 

proper nutrient media in pepper originated from 

Turkey (Abak, 1983). Taşkın (2005) indicated 

that genotype had a considerable effect on anther 

development in 5 different pepper genotypes with 

4 different nutrient media. Çiner and Tıpırdamaz 

(2002) stated that the most proper stage for anther 

culture is calyx and corolla levels of flower buds 

are in same length or corolla is a slightly longer 

than calyx. Mityko et al. (1995) also indicated 

that the most proper stage for anther culture is 

corolla and calyx are in the same length or corolla 

is a bit longer. Sayılır and Özzambak (2000) 

determined optimum microspore stage when 

buds reached to 4-6 mm length. Çömlekçioğlu et 

al. (2001) reported that optimum stage for anther 

culture is when anthocyanin developed in half of 

the anthers. Moreover, the optimum stage for 

anther culture was determined by Chambonnet 

(1988) that when microspores were in mitosis-I 

phase. In addition, it was emphasized that 

temperature degree and duration in cold 

pretreatment is important, pretreatments at 

temperate temperatures like between 7-15 °C for 

7-14 days were found more effective than 

pretreatments at low temperatures for short 

periods (Sunderland and Roberts, 1979). Sayılır 

and Özzambak (2002) reported that holding buds 

at 4 ºC for 25 hours before culturing of anthers 

gave effective results. Sayılır and Özzambak 

(2002) researched effects of nutrient media that 

were Murashige and Skoog, and Nitsch modified 

with NAA, BA, activated charcoal and carrot 

extract. Activated charcoal and carrot extract did 

not have a significant effect, moreover, the best 

result was obtained from MS with NAA and BA. 

Abak (1984) got most successful results in 

Turkey originated pepper from nutrient media 

with 5 mg/l kinetin, 5 mg L-1 2.4-D, 120 g L-1 

saccharose, 37.3 g L-1 Na2EDTA+27.8 mg L-1 

FeSO4.7 H2O. Ellialtıoğlu et al. (2001) got the 

highest embryo development rate in pepper with 

1% from anthers cultured in MS medium with 

activated charcoal and carrot extract. Ercan et al. 

(2001) studied with 5 different pepper varieties 

and 11 different nutrient media (with different 

amount of kinetin, BA, NAA, 2,4-D, activated 

charcoal), and the best results were obtained from 

MS medium with 1% activated charcoal, 5 mg L-

1 2.4-D, 5 mg L-1 kinetin, and MS medium with 

1% activated charcoal, 4 mg L-1 NAA + 0.1 mg 

L-1 BA. Furthermore, Alremi et al. (2013) 

reported that MS medium with 4 mg L-1 mg L-1 

NAA + 0.1 mg L-1 BAP had significant effects on 

androgenic embryo development in pepper 

(Capsicum annuum L.).  

In the present study, effects of genotype, 

nutrient media, stress and incubation treatments 

on haploid plant development with anther culture 

method in some pepper varieties were 

investigated.   

 

2. Materıal and Methods 

The study was conducted in the laboratory 

and research field belongs to Gaziosmanpaşa 

University, Faculty of Agriculture, Department 

of Horticulture. Screen house that is suitable for 

soilless culture was used with the purpose of 

growing donor plants. 2 hybrid (İstek Fı, Köylüm 

Fı), 1 F2 (Üçburun F2) and 1 local (Tokat pepper) 

three-lobed pepper genotypes were used as plant 

material. The seeds belong to pepper genotypes 

were sowed in the peat in multiple pods. 

Seedlings were planted in cocopeat blocks under 

the screen house. Flower buds were harvested 

when corolla was slightly higher than calyx. In 

this period, anthocyanin development occurred in 

25% of anthers. This stage involves last phases of 

mononuclear microspore development and 

primary phase of pollen mitosis-I. Flower buds 

were held at 4 °C for 24 hours before disinfection. 

Low-temperature treatment was not applied in 

control plants. Flower buds with anthers that have 

the most suitable microspore development stage 

for pollen embryogenesis, were disinfected for 15 

minutes with 20% commercial sodium 

hypochlorite added with few a drops of Tween-

20. Afterwards, they were rinsed three times with 

distilled water. Anthers were cultured in DDV 
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(Dumas de Vaulx et al., 1981) and MS 

(Murashige and Skoog, 1962) media with 0.01 

mg L-1 Kinetin + 0.01 mg L-1 2,4D + 0.03 mg L-1 

Vitamin B12. After anthers were placed in 

nutrient media, they were held at 9 °C and 35 °C 

for 8 days in the darkness. Afterwards, anthers 

were held at 25±2 oC for 16 h day / 8 h night for 

4 days and transferred to regeneration media. 

Embryoids that were developed from anthers, 

were transferred to the glass tubes in sterile 

conditions. When plantlets that were developed 

from embryoids in the glass tubes were at 3-4 

leafed stage, they were transferred in ½ peat + ½ 

pearlite media with the purpose of 

acclimatisation to outside conditions.  

 

3. Results and Dıscussıon 

4800 anthers were planted in total from 4 

genotypes. There were development and growth 

on anthers of all genotypes. The number of 

anthers that were cultured, number of the 

developed embryo, and number of developed 

plant from embryo were recorded by continuous 

observations. The highest embryo development 

rate was obtained with 34% from Tokat pepper 

that was incubated at 9 °C without cold 

pretreatment in MS medium (Figure 1). In İstek 

F1 genotype, the highest embryo development 

was obtained with 28% with 4 ºC pretreatment 

for 24 hours and 9 ºC incubation treatment in 

DDV medium. It was followed with 26% by 

Tokat pepper that was exposed to 4 ºC 

pretreatment for 24 hours and 35 ºC incubation 

treatment in DDV medium (Table 1). Moreover, 

there was no androgenic response on anthers 

belong to Köylüm F1 and Üçburun F2 that were 

cultured in MS medium. Similarly, there was no 

development in Üçburun F2 that was incubated at 

9 ºC in DDV medium, in İstek F1 that was not 

exposed to cold pretreatment and incubated at 9 

ºC in MS medium, and in İstek F1 that was 

exposed to cold pretreatment and incubated at 35 

ºC in MS medium. Furthermore, the highest rate 

of plant development from anthers belongs to 

İstek F1 variety with 5.33% that was treated with 

4 ºC/24 h cold pretreatment and 9 ºC incubation 

treatment in DDV medium.  

 

 

 
Figure 1. A Cultured anther, open along the dehiscence line, through which microspore-derived 

embryo is emerging. B Young seedling directly emerged from the anther locule. 

Şekil 1. A Kültüre alınan anterlerde mikrospolardan embriyo gelişimi B Anterlerden direk bitkicik 

oluşumu 
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Table 1. Embryoid and plant development rates according to genotype, nutrient media, stress and incubation conditions 

Tablo 1. Genotip,besin ortamı,stres ve inkübasyon koşullarına göre embriyo ve bitki gelişim oranları 
Media Genotype Pretreatment 

(holding at 4
o
C) 

Incubation 

treatments(
o
C) 

Anther 

number 

Embryo 

number 

The rate of embryo 

development (%) 

Plant number 
 

The rate of plant  

development from embryo (%) 

  İstek F1 Control 9 150 6 4,00  5 83,33  

  İstek F1 Control 35 150 12 8,00  3 25,00  

  İstek F1 24 h 9 150 42 28,00  8 19,04  

  İstek F1 24 h 35 150 12 8,00  7 58,33  

  Tokat Pepper Control 9 150 39 26,00  4 10,25  

  Tokat Pepper Control 35 150 10 6,66  1 10,00  

  Tokat Pepper 24 h 9 150 18 12,00  7 70,00  

DDV Tokat Pepper 24 h 35 150 39 26,00  3 7,70  

  Köylüm F1 Control 9 150 3 2,00  0 0,00  

  Köylüm F1 Control 35 150 3 2,00  0 0,00  

  Köylüm F1 24 h 9 150 3 2,00  1 33,33  

  Köylüm F1 24 h 35 150 6 4,00  4 66,6  

  Üçburun F2 Control 9 150 0 0,00  0 0,00  

  Üçburun F2 Control 35 150 10 6,66  3 30,00  

  Üçburun F2 24 h 9 150 0 0,00  0 0,00  

 Üçburun F2 24 h 35 150 7 4,66  1 14,28  

  İstek F1 Control 9 150 0 0,00  0 0,00  

  İstek F1 Control 35 150 10 6,66  2 20,00  

  İstek F1 24 h 9 150 4 2,66  1 25,00  

  İstek F1 24 h 35 150 0 0,00  0 0,00  

  Tokat Pepper Control 9 150 51 34,00  4 7,84  

MS Tokat Pepper Control 35 150 10 6,66  0 0,00  

  Tokat Pepper 24 h 9 150 6 4,00  2 33,30  

  Tokat Pepper 24 h 35 150 14 9,30  1 7,14  

  Köylüm F1 Control 9 150 0 0,00  0 0,00  

  Köylüm F1 Control 35 150 0 0,00  0 0,00  

  Köylüm F1 24 h 9 150 0 0,00  0 0,00  

  Köylüm F1 24 h 35 150 0 0,00  0 0,00  

  Üçburun F2 Control 9 150 0 0,00  0 0,00  

  Üçburun F2 Control 35 150 0 0,00  0 0,00  

  Üçburun F2 24 h 9 150 0 0,00  0 0,00  

  Üçburun F2 24 h 35 150 0 0,00  0 0,00  
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In Tokat pepper, the success rate of plant 

development from anthers reached 4.66% with 4 

ºC/24 h cold pretreatment and 9 ºC incubation 

treatment in DDV medium. Moreover, the 

highest rate of plant development from embryos 

was obtained from İstek F1 variety with 83.33% 

that was incubated at 9 ºC without cold 

pretreatment, and it was followed by Köylüm F1 

genotype with 66.60% that was treated with cold 

pretreatment (4 ºC/24 h) and incubated at 35 ºC. 

There were significant differences between 

genotypes according to androgenesis success. 

When general performances of genotypes are 

observed, Tokat pepper and İstek F1 gave the best 

results. 

 

The success rate of DDV medium was found 

higher. Performances of nutrient media vary by 

the other factors also. Matsubara et al. (1992) 

used different combinations of MS medium and 

obtained 8% embryo development. Ellialtıoğlu et 

al. (2001) studied with Kahramanmaras pepper in 

MS medium with 4 mg L-1 NAA and 0.1 mg L-1 

BAP, they determined 2.28% embryo 

development rate as a result. Çömlekçioğlu et al. 

(2001) used the same method, however, there 

was no embryo development. Koleva-Gudeva 

(2007) used MS (Murashige and Skoog, 1962), N 

(Nitsch, 1974), LS (Linsmaer and Skoog, 1965), 

NN (Nitsch and Nitsch, 1969) and CP (Dumas de 

Valux et al., 1981) media in the study about the 

effects of incubation treatments and different 

nutrient media on haploid plant development on 

pepper with anther culture. As a result, higher 

success was obtained from MS and CP media. 

While embryo development was 7.60% at 9 oC 

incubation treatment, it was 5.50% at 35 oC 

incubation treatment. Researchers generally 

prefer incubation conditions in anther culture 

studies as 9 oC or 35 oC for 7 or 8 days in the 

darkness (Ellialtıoğlu et al., 2001). Terzioğlu et 

al. (2000) stated that incubating anthers at high-

temperature is effective on haploid plant 

development. Ellialtıoğlu et al. (2000) stated that 

in the first days after cultivation of anthers, high-

temperature treatments on pepper and eggplant 

had positive effects. Koleva-Gudeva (2007) 

experienced incubation treatments at 7º C, 25º C, 

and 35º C on anthers of nine different pepper 

genotypes. As a result, while 30.6% of success 

was obtained at 25ºC, there was no development 

on four in nine genotypes at 35º C. Most of the 

researchers suggest high-temperature in 

incubation treatment studies. However, few 

researchers stated that there has been no 

development on high-temperature incubation 

treatments. In the present study, even there was a 

higher success rate at 9 oC incubation conditions, 

high results were obtained from İstek F1 genotype 

that was incubated at 35 oC without cold 

pretreatment, and Tokat pepper that was 

incubated at 35 oC with cold pretreatment. Hence, 

high success rates that have been indicated in 

previous studies, were obtained in the present 

study as well.  

 

4. Conclusıon 

The present study investigated the effects of 

genotype, nutrient media, stress and incubation 

treatments on haploid plant development on four 

different genotypes. Embryoid development rates 

varied between 0.66-34.00% when unsuccessful 

treatments are not considered. The rate of plant 

development from anthers was between 0.66-

5.33%, while the rate of plant development from 

embryos was between 7.70-83.33%. Therefore, 

the effects of treatments can be observed clearly 

with these results. Besides unsuccessful 

treatments, positive results were obtained 

according to genotype and other treatments. As a 

conclusion, Tokat pepper that is a local genotype 

showed the best androgenic performance 

followed by İstek F1 among all genotypes. While 

holding flower buds at 4 oC for 24 h was found 

more effective among pretreatments, effect of 

incubation treatments showed differences 

according to treatment. Furthermore, higher 

results were obtained from DDV medium than 

MS medium. 
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