
Available online www.jsaer.com 
 

Journal of Scientific and Engineering Research 

228 

 

Journal of Scientific and Engineering Research, 2018, 5(11):228-236 

 

    

 
Research Article 

ISSN: 2394-2630 

CODEN(USA): JSERBR  

    

 

Does Glutamine Promote the Development of Pepper (Capsicum annuum L.) Anthers in 

vitro? 

 

Tugce OZSAN*, A. Naci ONUS 

 
Department of Horticulture, Faculty of Agriculture, Akdeniz University, Antalya, Turkey 

*tugceozsan@akdeniz.edu.tr 

Abstract Pepper (Capsicum annuum L.) plant has a very important place both across the world and in Turkey in 

terms of economic sense. Although many researchers working in the field of plant tissue culture, pepper plants 

have a nature that is ‘recalcitrant’ in terms of their genetic characteristics that they exhibit, plant biotechnology 

has a potential that is quite common in its work. Within these, biotechnological studies that pepper has been 

most prominent are in the framework of haploid techniques. However, as the embryo formation and the 

frequency of transformation of these embryos to plants are low, researchers are concentrating on different 

applications. One of these applications is adding various additives. Glutamine is known as an organic nitrogen 

source to supply energy for cells that cannot use energy sources effectively. This study was carried out by using 

four different pepper types (Erciyes, Filinta, Ergenekon and Bellisa F1) as plant materials and 12 different 

nutrient media combinations. To enhance embryo formation we evaluated the effects of different combinations 

of MS and Gamborg B5 nutrient media with or without glutamine. When the results of the study were evaluated, 

it was observed that the glutamine concentration used in the study effected pepper androgenesis in the positive 

direction. Obtained results showed that while Bellisa and Ergenekon varieties were remarkable over others, 

media X (Gamborg B5 + 4.0 mg/l NAA + 0.1 mg/l BAP + 0.25% AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) 

and XII (Gamborg B5 + 4.0 mg/l NAA + 1.0 mg/l BAP + 0.25% AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) 

seem to be successful in relation to the varieties. 
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Introduction 

Pepper (Capsicum annuum L.) is a plant which is quite high economically important plant that in terms of 

cultivating and breeding in the world and in our country. In the case of vegetable breeding, conventional 

breeding programs require both time and labor. Tissue culture techniques are not only used on their own but also 

as a means of helping traditional breeding methods. Among these techniques, classical breeding is seen as the 

technical haploid technique which can be used as quickly and effectively as possible. In this context, thanks to 

this unique ability to shorten the breeding period, this technique has an undeniable prominence in traditional 

plant breeding. Obtaining homozygous dihaploid lines is one of the most important applications in haploid plant 

production. In breeding programs prepared using conventional breeding methods, it takes quite a long time to 

obtain homozygous lines in both self-pollinated and foreign pollinated plants. At this point, haploidy techniques 

are used to shorten the breeding period in reaching the desired target, and this process, which lasts for 6-7 years 

at best in studies conducted by traditional methods, can be shortened to 1-2 years. Nowadays, thanks to the 

developed effective protocols, haploid plant and homozygous dihaploid plants can be obtained in as short a 

period as several months by using androgenesis techniques such as anther and microspore cultures. These 

homozygous plants are very important to develop high quality new varieties by creating homozygous lines and 

therefore genetic diversity. 
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To form the fundamental molecules (nucleic acids, amino acids, vitamins) for plant cells’ life, need nitrogen. 

When needed, the plant cells use the molecules as energy sources that are most readily available. One of the 

most preferred organic nitrogen sources is glutamine [1] which can be used alternatively [2] and it serves the 

purpose of alternative energy for developing plant cells that cannot use carbohydrate sources efficiently [3, 4]. 

Even though it prevents developmental stages at high concentrations [5] the addition of various doses glutamine 

has been mostly used in vitro cultures [4]. Glutamine allows maintaining and promoting functions of plant cells 

better growth for a longer term [6-8]. Exogenous glutamine has many positive improvements such as enhancing 

the organogenesis competence, plantlet formation, micropropagation, embryo regeneration, embryogenic callus 

formation in many species in tissue culture studies [9-16].  

As reported to date, due to the fact that it described as the ‘recalcitrant’ genetic structure, pepper androgenesis 

studies are challenging. For the reason that haploidy studies show less embryo formation and plant conversion, 

it is tried different modulations. In this study, we tried to enhance embryo formation and plant conversion based 

on this approach.  The effects of different combinations of MS and Gamborg B5 nutrient media with or without 

glutamine were investigated.  

 

Material and Method 

The study was carried out in the Tissue Culture Laboratory of the Department of Horticulture, Faculty of 

Agriculture, Akdeniz University and was carried out using the buds of pepper plants grown in the greenhouses 

of same department. 

In the present study, we used different pepper types such as capia, green and bell pepper which have strong, 

good and high yielding in terms of plant structure and fruit quality properties. Erciyes, Filinta, Ergenekon and 

Bellisa F1 varieties were used as plant materials. April, May and June months were seen as suitable for growing 

and flower bud formation periods. The flower buds that came to the most appropriate stage for anther culture 

were collected early in the day. Based on previous androgenesis studies it has been observed that the most 

favorable bud stage is the beginning of the first mitotic division where microspores have a late uninucleate or 

early binucleate phase [17]. Morphologically, suitable buds for anther culture were found to have an equal 

length of sepals and petals, or have slightly longer petiole leaves than the petals, and in the anthers of these buds 

an anthocyanin color pigment was observed. 

Following the classification of the buds, surface sterilization was carried out for 15 minutes in 10% sodium 

hypochlorite solution with 1-2 drops of Tween-20, followed by 1 minute in 70% alcohol. The buds were washed 

3-4 times with sterile distilled pure water after these procedures. Then the anthers were isolated from the buds 

which had been sterilized and separated from their filaments. At first, isolated anthers were cultured in the dark 

and pretreated at high temperature (35 °C) for the first two days. At the end of the pre-treatment period, the 

cultures were transferred to the growth chamber, which had 16 hours of light at 28 °C, 8 hours of dark 

photoperiod and 3000 lux of illumination. 

Twelve different nutrient media combinations have been tried in the study and the media 1, 2 and 3 by [18] and 

their modified concentrations have been used in the study (Table 1). Among the modifications, glutamine, one 

of the amino acids that can be found quite easily, as well as used it as an energy source. Besides MS basal 

medium [19], Gamborg B5 basal medium [20] have been used (Table 1).  

In the first two days of cultivation, the anthers subjected to preheating at 35 °C were transferred to the growth 

chamber, which had 16 hours of light, 8 hours of dark photoperiod and 3000 lux illumination at 28 °C to 

continue their development. According to this, the development status of the anthers in cultures (differentiation, 

swelling, etc.), embryo and vegetative state were observed and recorded. 

Table 1: Contents of culture media used in the study 

Media 

Code 

Basic 

Composition 

NAA*Rat

io (mg/l) 

BAP**Rat

io (mg/l) 

AC*** Ratio 

(%) 

AgNO3****Rat

io(mg/l) 

GlutamineRa

tio (g/l) 

I. MS 4.0 0.1 0.25 15.0 - 

II. MS 4.0 0.5 0.25 15.0 - 

III. MS 4.0 1.0 0.25 15.0 - 

IV. MS 4.0 0.1 0.25 15.0 1.0 
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V. MS 4.0 0.5 0.25 15.0 1.0 

VI. MS 4.0 1.0 0.25 15.0 1.0 

VII. GamborgB5 4.0 0.1 0.25 15.0 - 

VIII. GamborgB5 4.0 0.5 0.25 15.0 - 

IX. GamborgB5 4.0 1.0 0.25 15.0 - 

X. GamborgB5 4.0 0.1 0.25 15.0 1.0 

XI. GamborgB5 4.0 0.5 0.25 15.0 1.0 

XII. GamborgB5 4.0 1.0 0.25 15.0 1.0 

* NAA= naphthalene acetic acid; **BAP=benzylaminopurine; ***AC= Activated Carbon; ****AgNO3=Silver 

Nitrate  

The experiment was carried out in three replications, for the different genotypes and media variants. The data 

obtained in the trial were subjected to a two-way ANOVA with interaction using the SAS 9.4 software. The 

differences between the averages were compared with the Duncan test. 

 

Results and Discussion  

After determining the optimum bud sizes and anther characteristics for the cultured anthers, the anthers from 

these buds were cultured in a combination of 12 different media and the changes were observed. Consistent with 

previous studies, the most suitable bud stage was determined by looking at the morphology of the buds, which 

can be regarded as suitable for a successful anther culture. According to this, the length of the sepals and petals 

are equal or the petals are slightly longer than the sepals. The color differences are observed from the end part to 

almost half of the anthers, and accordingly, the accumulation of the anthocyanin is realized. Also, microspores 

in these anthers are at the first mitotic phase [17, 21 - 27]. The determined buds were also found suitable for this 

study. It has also been reported that in the previous studies, exposed to high temperatures are ideal for pepper 

anther and microspore cultures. Embryogenesis of pepper anthers are affected positively [25, 28 - 30] and the 

results obtained from this study are consistent with previous studies. In the present study, it has been 

demonstrated once again that it is very important of exposing to high temperatures under dark conditions in the 

first few days after the beginning of culture for triggering the pepper androgenesis.  

Genotype is also one of the key considerations to achieve success in androgenesis studies. Previous studies put 

the emphasis on genotype variety to get haploid embryo and plants [31 - 34]. The present study consistent with 

previous studies. When anther developments, embryo formations, and plant conversion rates were examined, 

there were seen statistically differences between genotypes. In this sense, amongst varieties Bellisa is the best 

responding, followed by Ergenekon (Figures 1-4). In Erciyes and Filinta varieties, however, no embryo or plant 

formation has been observed, although anthers developed (Table 2-8). 

MS medium was developed for tobacco cultures and has relatively high salt levels, especially of K and N, while 

Gamborg B5 medium was developed for soybean callus cultures. In addition to MS basal medium, Gamborg B5 

basal medium was also used in this study. On account of the high concentration of macro- and microelements, it 

is thought that MS medium is very salty for pepper varieties that are used in this study. To avoid this problem 

the Gamborg B5 basal medium was tested in order to reduce the salinity resulting from the macro elements in 

MS. In addition, according to the previous studies, the addition of thiamine at different concentrations was 

found to increase development of in some plant species that generally showed slow growth [35]. Therefore, 

since the thiamine ratio in the Gamborg B5 medium is higher than in the MS medium, it was preferred the 

Gamborg B5 medium in this study. In this sense there are statistically differences between media combinations 

used in the study. According to evaluated parameters, when media consist of Gamborg B5 basal nutritions, 

results were better. As seen from Table 2-8, medium number X (Gamborg B5 + 4.0 mg/l NAA + 0.1 mg/l BAP 

+0.25% AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) and XII (Gamborg B5 + 4.0 mg/l NAA + 1.0 mg/l BAP + 

0.25% AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) with regards to embryo formation and plant conversion 

showed much better performances (Figures 1-4).  

Glutamine, an alternative energy source, supports the rapid growth of cells while providing large quantities of 

protein and nucleic acid synthesis. It is an energy source that cells in vitro can easily access to meet their amino 

acid needs in order to provide energy where the glucose level is low but the energy demand is high. Glutamine 
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has been used in this study due to this special condition of cells in vitro. Based on the results obtained, 

glutamine was found to be more effective in the Gamborg B5 medium compared to the MS medium depending 

on the genotypes (Table 2-8). Glutamine helps promoting the development of embryoids from microspores of 

cultivated pepper anthers. These results are supported by previous studies used as nitrogen sources at different 

concentrations in vitro nicotiana cultures, carrot suspension cultures, wheat anther cultures and barley 

microspore cultures [36]. 

 

 

Table 2: Results obtained from anther cultures in Erciyes pepper variety 

Media 

Number of 

anthers taken in 

culture 

(number) 

Number of developing 

anthers 

Number of embryos 

formed 
Number of plants 

number % number % number % 

I. 222 119 53.60 - - - - 

II. 208 119 57.21 - - - - 

III. 225 133 59.11 - - - - 

IV. 121 81 66.94 - - - - 

V. 117 71 60.68 - - - - 

VI. 112 76 67.85 - - - - 

VII. 56 22 39.28 - - - - 

VIII. 57 20 35.08 - - - - 

IX. 60 30 50.00 - - - - 

X. 62 28 45.16 - - - - 

XI. 57 40 70.17 - - - - 

XII. 45 36 80.00 - - - - 

Table 3:  Results obtained from anther cultures in Bellisa pepper variety 

Media 

Number of 

anthers taken in 

culture 

(number) 

Number of developing 

anthers 

Number of embryos 

formed 
Number of plants 

number % number % number % 

I. 151 92 60.92 23 25.00 2 2.17 

II. 127 86 67.71 30 34.88 2 2.32 

III. 143 78 54.54 - - - - 

IV. 103 48 46.60 - - - - 

V. 110 55 50.00 - - - - 

VI. 121 74 61.15 - - - - 

VII. 63 19 30.15 - - - - 

VIII. 56 23 41.07 - - - - 

IX. 65 6 9.23 - - - - 

X. 65 25 38.46 - - - - 

XI. 68 1 1.47 - - - - 

XII. 67 35 52.23 123 351.4 1 2.85 

Table 4:  Results obtained from anther cultures in Filinta pepper variety 

Media 

Number of 

anthers taken in 

culture 

(number) 

Number of developing 

anthers 

Number of embryos 

formed 
Number of plants 

number % number % number % 

I. 116 84 72.41 - - - - 

II. 124 95 76.61 - - - - 
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Table 6: Response of developingantherratio (%) 

Media 
Genotypes 

Averages of 

media 

Erciyes Bellisa Filinta Ergenekon  

I 53,60
L-O

 60,92
I-L

 72,35
D-G

 73,16
D-G

 65,01
A
 

II 57,48
K-N

 67,71
GHI

 76,63
C-F

 63,33
H-K

 66,29
A
 

III 59,10
J-M

 54,53
L-O

 80,14
BCD

 76,91
CDE

 67,67
A
 

IV 66,89
G-J

 46,57
O-R

 61,26
I-L

 46,63
O-R

 55,34
BC

 

V 60,67
I-L

 49,99
N-Q

 87,55
B
 20,42

V
 54,66

C
 

VI 67,87
GHI

 61,13
I-L

 100,00
A
 43,69

QRS
 68,17

A
 

VII 39,27
RST

 30,15
U
 52,94

L-P
 100,00

A
 55,59

BC
 

VIII 35,08
TU

 41,12
RST

 70,58
E-H

 53,32
L-O

 50,02
DE

 

IX 50,00
N-Q

 9,23
W

 68,76
F-I

 58,32
KLM

 46,58
E
 

X 45,15
P-S

 38,52
ST

 81,10
BC

 70,61
E-H

 58,84
B
 

XI 70,17
E-H

 1,44
X
 66,98

G-J
 56,56

K-N
 48,79

DE
 

XII 79,99
BCD

 52,17
M-P

 30,66
U
 41,37

RST
 51,05

D
 

Averages of genotypes 57,10
B
 42,79

C
 70,74

A
 58,69

B
  

Different letters in the same column and rows indicate a statistically significant difference at *** P ≤ 0.001; ** 

P ≤ 0.01; and * P ≤ 0.05, respectively. NS, not significant 

 

III. 121 97 80.16 - - - - 

IV. 98 60 61.22 - - - - 

V. 80 70 87.5 - - - - 

VI. 88 88 100.0 - - - - 

VII. 102 54 52.94 - - - - 

VIII. 102 72 70.58 - - - - 

IX. 109 75 68.80 - - - - 

X. 106 86 81.13 - - - - 

XI. 130 87 66.92 - - - - 

XII. 75 23 30.66 - - - - 

Table 5:  Results obtained from anther cultures in Ergenekon pepper variety 

Media 

Number of 

anthers taken in 

culture (number) 

Number of developing 

anthers 

Number of embryos 

formed 
Number of plants 

number % number % number % 

I. 123 90 73.17 - - - - 

II. 131 83 63.35 - - - - 

III. 117 90 76.92 - - - - 

IV. 103 48 46.60 - - - - 

V. 93 19 20.43 - - - - 

VI. 103 45 43.68 - - - - 

VII. 24 24 100.0 - - - - 

VIII. 45 24 53.33 - - - - 

IX. 72 42 58.33 - - - - 

X. 58 41 70.68 147 358.5 3 7.31 

XI. 99 56 56.56 - - - - 

XII. 87 36 41.37 - - - - 
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Table 7: Response of embryoformationrates (%) 

Media 
Genotypes 

Averages of media 
Erciyes Bellisa Filinta Ergenekon 

I 0.00
C
 24.94

B
 0.00

C
 0.00

C
 6.23

B
 

II 0.00
C
 34.80

B
 0.00

C
 0.00

C
 8.70

B
 

III 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

IV 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

V 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

VI 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

VII 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

VIII 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

IX 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

X 0.00
C
 0.00

C
 0.00

C
 360.07

A
 90.01

A
 

XI 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

C
 

XII 0.00
C
 353.80

A
 0.00

C
 0.00

C
 88.45

A
 

Averages of genotypes 0.00
C
 34.46

A
 0.00

C
 30.00

B
  

Different letters in the same column and rows indicate a statistically significant difference at *** P ≤ 0.001; ** 

P ≤ 0.01; and * P ≤ 0.05, respectively. NS, not significant 

 

Table 8: Response of plantconversion rate (%) 

Media 
Genotypes Averages of 

media Erciyes Bellisa Filinta Ergenekon 

I 0.00
C
 2.14

B
 0.00

C
 0.00

C
 0.53

B
 

II 0.00
C
 2.29

B
 0.00

C
 0.00

C
 0.57

B
 

III 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

IV 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

V 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

VI 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

VII 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

VIII 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

IX 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

X 0.00
C
 0.00

C
 0.00

C
 7.37

A
 1.84

A
 

XI 0.00
C
 0.00

C
 0.00

C
 0.00

C
 0.00

B
 

XII 0.00
C
 2.56

B
 0.00

C
 0.00

C
 0.64

B
 

Averages of genotypes 0.00
B
 0.58

A
 0.00

B
 0.61

A
  

Different letters in the same column and rows indicate a statistically significant difference at *** P ≤ 0.001; ** 

P ≤ 0.01; and * P ≤ 0.05, respectively. NS, not significant 

 

 
Figure 1: Changes in Bellisa F1 pepper cultivar cultured in the medium X. at the end of 2 months 

 



OZSAN T & ONUS AN                         Journal of Scientific and Engineering Research, 2018, 5(11):228-236 

 

Journal of Scientific and Engineering Research 

234 

 

 
Figure 2: Changes in Bellisa F1 pepper cultivar cultured in the medium II. at the end of 2 months 

 
Figure 3: Changes in Bellisa F1 pepper cultivar cultured in the medium XII. at the end of 2 months 

 
Figure 4: Changes in Ergenekon F1 pepper cultivar cultured in the medium X. at the end of 2 months 

 

Conclusion 

In this study, it was concluded that the responses of Bellisa and Ergenekon varieties were remarkable compared 

to Erciyes and Filinta varieties. In addition, media X (Gamborg B5 + 4.0 mg/l NAA + 0.1 mg/l BAP + 0.25% 

AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) and XII (Gamborg B5 + 4.0 mg/l NAA + 1.0 mg/l BAP + 0.25% 

AC + 15.0 mg/l AgNO3 + 1.0 g/l glutamine) seem to be successful in relation to the varieties, in terms of 

combinations of tested media. The glutamine concentration used in the study was effected pepper anther's 

embryogenesis positively. When glutamine was added to the Gamborg B5 medium combinations, it was 

observed that getting better accomplished rather than the MS medium. In the present study which covers April, 

May, and June it is also observed that May is the most productive period in terms of pepper embryogenesis. As 

a result of this study we believe that trying different concentrations of glutamine in future anther culture studies 

may shed more light onimproving the progress in peppers. 
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