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HIGHLIGHTS
¢ Modified callus culture was detected in eggplant
¢  Regeneration medium varies depending on the species.

e  Determination of ploidy of plants obtained from anther culture is important.

Abstract

In plant breeding studies, anther culture is used to breed hybrid varieties, to transform tetraplaid plants that can be
obtained through interspecific somatic hybridization into fertile dihaploid plants, and in recent years, to obtain diploid in
protoplast fusion of haploid embryogenic calli obtained from anther culture. The frequency of obtaining haploid plants in
anther culture depends on many factors such as the variety, the season in which it was taken and the use of suitable media
for regeneration. It was aimed to determine the most suitable regeneration medium for anther culture in Aydin Black and
Kemer eggplant varieties, which are widely grown in our country. In the anther culture study, C (callus), R (regeneration)
and V3 media recommended by Dumas de Valux et al. (1982) were used as nutrient media. However, as C (callus) medium,
Dumas de Vaulx et al. (1982) 3 different doses of 2,4 D, Kinetin and sucrose of the C medium reported were tested. The
highest plant yield (36.4%) of the Aydin Siyahi variety was obtained from the modified Dumas de Vaulx et al. (1982), from
1 mg/12.4-D +1 mg/1 Kinetin + 120 g/1 sucrose medium, the highest plant yield (33.8%) of the Kemer variety was reported
by Dumas de Vaulx et al. (1982), obtained from 5 mg/l 2.4-D + 5 mg/1 Kinetin + 120 g/l sucrose medium. Of the 79 plants
obtained from anther culture and whose ploidy level was examined, 60 were determined as haploid, 13 as diploid, 4 as
triploid, 1 as tetraploid and 1 as mixoploid.
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1. Introduction

Eggplant is the third most important vegetable in terms of production within the Solanaceae family, after
potatoes and tomatoes, and is also very valuable in terms of its vitamin and mineral content. Eggplant
constitutes approximately 5% (59 million tons) of the world's total vegetable production (1173 million tons).
According to FAO 2022 data, 93% of eggplant production is produced in Asia and 6% in Africa, Europe and
America (FAO 2024). According to Gebeloglu and Ellialtioglu (2022), there are 3 cultured species (Solanum
melongena, Solanum aethiopicum and Solanum macrocarpon). Anther culture; It is the name given to the
phenomenon of isolating anthers containing immature microspores from the buds and placing them in
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artificial nutrient media under in vitro conditions, where haploid embryos are obtained from the microspores
(Ellialtioglu et al. 2012). Anther culture is a technique used in eggplant since the 1980s, and the haploid plants
obtained are used in F1 hybrid breeding and mutation breeding. (Alpsoy and Seniz, 2007; Segui-Simarro, 2016;
Rotino, 2016). Obtaining homozygous plants (DH) used in F1 variety breeding from haploid plants obtained
from anther culture shortens the breeding period. However, the production of haploid plants varies
depending on the species, the period in which microspores are collected, and the physical and chemical
structure of the regeneration environment (Calabuig-Serna et al. 2020; Salas et al. 2012). The anther culture
technique has been used in eggplant breeding for more than 40 years and very few successful results have
been obtained. (Khatun et al. 2006; Kumar et al. 2003; Alpsoy and Seniz 2007; Salas et al. 2011; and Basay and
Ellialtioglu 2013).

In eggplant anther culture studies, it has been determined that the most suitable bud harvesting time for
Solanum melongena is at the last stage of the single-nucleated microspore, that is, morphologically, the petal
appears in a bitter yellow-yellow color and 2 mm. (Vural et al. 2019; Salas et al. 2012; Mir et al. 2021).

The aim of this study is to analyze Kemer and Aydin Siyah: varieties by Dumas de Vaulx et al. (1982)
reported that the C medium was modified and 3 different doses of 2,4 D, Kinetin and sucrose were tested to
increase the formation of embrogenic plants. The ploidy levels of the obtained plants were determined by
flow-cytometry method.

2. Materials and Methods

Research; It was carried out in Cukurova University Faculty of Agriculture Department of Horticulture
Tissue Culture Laboratory and Research and Application Field, Cukurova University Biotechnology Center
and Bati Akdeniz Agricultural Research Institute Directorate (BATEM) Vegetable and Ornamental Plants
Department Application Field and Laboratory.

2.1. Plant material

The seeds of the plant materials used in the study were obtained from the Bati Akdeniz Agricultural
Research Institute (BATEM). Seeds of Solanum melongena cv Kemer and Aydin Siyahi eggplant varieties, which
are the most grown in greenhouse and open air in our country, were used.

2.2. Collecting flower buds and transferring them to the regeneration medium

The anthers of Solanum melongena (bitter yellow to yellow, that is, the period when the petal appears 2 mm)
were taken and sterilized at the last stage of the single-nucleated microspore (Figure 1.). The collected buds
were kept in 70% ethyl alcohol for 5 minutes in a sterile cabinet, then in 1% active sodium hypochlorite for 15
minutes and rinsed 3 times with sterile pure water. Sterilized anthers (3 different 2,4 D Kinetin and sucrose
doses of the C medium reported in Dumas de Vaulx et al. (1982) were tested) were placed in the C medium
whose contents are given in Table 1-2 and kept in the incubator in the dark at 35 °C for 8 days. Then, the petri
dishes were placed under 16-hour light/8-hour dark conditions at 25 °C. Anthers were transferred from C
medium to R medium after the 13th day. When embryos or plants were formed in R medium, they were
transferred to V3 medium. Observations and counts of callus and plant development were made from anthers.
(Figure 2.). The resulting plants were transferred to glass jars containing V3 medium before acclimating them
to the external environment. Then, the developing plants were planted in closed plastic boxes of 40x60x30 cm
(width, height, width) by spraying them with a perlite-peat mixture (1/1 v/v) fungicide (Figure 3.). The plastic
boxes were kept in the growth room for 1 week and gradually acclimated to external conditions in greenhouses
with a misting system.
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Figure 1. Selection of suitable buds for anther culture in Solanum melongena

Table 1. Contents of C, R, V3 nutrient media (mg/L)

C R V3 C R V3
Macro nutrients Vitamin and amino acids
KNOs 2150 2150 1900 Myo-inositol 100.00 100.00 100.00
NHiNOs 1238 1238 1650 Pyrodoxin HCI 5.500 5.500 5.500
MgS0s-7H20 412 412 370 Nicotinic acid 0.700 0.700 0.700
CaCl-2H20 313 313 440 Thyamine HCl 0.600 0.600 0.600
KH2PO4 142 142 170 Calcium 0.500 0.500 0.500
panthotenate
Ca(NOs)-4H:0 50 50 - Vitamin B 0.030 - -
NaH2POs-H20 38 38 - Biotin 0.005 0.005 0.005
(NH4)2SO4 34 34 - Glycin 0.100 0.100 0.200
KCl 7 7 -
Micro nutrients Chelated Irons
MnSO+-H20 22.130 20.130 0.076 Nax-EDTA 18.65 18.65 37.30
ZnSO+7H20 3.625 3.225 1.000 FeSOs-7H20 13.90 13.90 27.80
HsBO:s 3.150 1.550 1.000
KI 0.695 0.330 0.010
Na:MoQOs-2H20 0.188 0.138 -
CuSO:s-5H20 0.016 0.011 0.030
CoCl-6H20 0.016 0.011 -
AlICI-6H20 - - 0.050
NiCl-6H20 - - 0.050

Table 2. Plant growth regulators and their concentration

Plant growth regulators

Growing medium — Sucrose Agar
2.4-D Kinetin
5>(- 5>(- 120** 7**
C 1* 1* 120** 7%
0.01* 0.01* 30** Vs
R - 0.01* 30** Vs
V3 - - 30** 7**

* mg/L, ok g/L
2.3. Ploidy level analysis

Leaf samples from plants obtained from anther culture studies (80 plants, including the control plant) were
ranked as ploidy with the flow cytometry device at Alata Horticultural Research Institute, according to Tuna
(2014). Flow cytometry analyzes were performed in accordance with the kit procedure of the relevant device.
Approximately 15 ug of tissue taken from young leaves of plants consisting of anthers was used. Plant tissues
were chopped thoroughly with a razor blade after adding 0.5 ml of chopping buffer (Partec HR-A) using one-
sided scalpels to remove cell nuclei. Chopped samples were filtered with a 30 pum permeability filter, then
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Partec HR-B solution containing DAPI (4',6-diamidino-2-phenylindole) was added and incubated at room
temperature for 5 minutes. As a result of incubation, the nuclear DNA content of the DAPI-stained nuclei of
the leaves of the Kemer eggplant variety belonging to the control application was measured by UV LED-
induced nuclear fluorescence at a wavelength of 365 nm in the Partec CyFlow Space flow cytometer. For each
leaf sample, 1000-3000 nuclei were analyzed. The ploidy levels of the samples were determined by comparing
them with the average radiation intensity value given by the reference nuclear DNA amount. (Figure 4.).

Figure 3. Transferring plants consisting of anthers to jars,
outdoors and land

Figure 4. Flow cytometry analysis

3. Results

In the anther culture studies in the fall of 2015, the anther development rate of the Aydin Siyahi variety
was 75.2% and that of the Kemer variety was 72.6% in C (callus) medium to which 0.01 mg/1 2.4-D + 0.01 mg/1
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Kinetin + 30 g/l sucrose was added. The highest callus development among the cultivated antes was 3.3% in
the Aydin Siyahi variety, while it was 2.1% in the Kemer variety. Similarly, the highest embryo formation
(4.23%) and plant yield (3.78%) were obtained from the Aydin Siyahi variety. (Table 3.).

In C (callus) medium with 1 mg/l 2.4-D + 1 mg/I Kinetin + 120 g/ sucrose, the anther development rate of
the Aydin Siyahi variety was 82.9% and that of the Kemer variety was 77.9%. Callus development of the Aydin
Siyahi variety was 34.7%, and that of the Kemer variety was 21.6%. The highest embryo formation (54.2%) and
plant yield (36.4%) were obtained from the Aydin Siyahi variety. The embryo formation rate of the Kemer
variety in this medium was found to be 21.5% and the plant formation rate was 14.1%. (Table 4.).

It was determined that the anther development rate of Aydin Siyahi variety was 85.5% and Kemer variety
was 78.6% in C (callus) medium supplemented with 5 mg/l 2.4-D + 5 mg/1 Kinetin + 120 g/l sucrose. Callus
development rate was 53.1% for Aydin Siyahi variety and 34% callus rate was obtained for Kemer variety. The
highest embryo formation (35.7%) and plant yield (38.8%) were obtained from the anthers of the Kemer
variety. It was determined that the embryo formation rate of the Aydin Siyahi variety in 5/5 medium was
29.1% and the plant formation rate was 28.1%. (Table 5.).

High success was achieved in both direct plant formation (Figure 5.) and indirect plant formation (Figure
6.) from anthers taken from eggplants grown in the greenhouse during October in the 2015 fall period. The
number of plants obtained from anther culture transferred to vials was 501, and the number of plants
transferred to the field was 90 (Table 6.). While no plants were obtained from the Kemer variety in the 0.01/0.01
application, 19 plants from the Aydin Siyahi variety were transferred to in vitro medium acclimatization vials
and 6 of them were transferred to the greenhouse. The highest number of plants transplanted into both the
viols (171 plants) and the field (27 plants) was obtained from the 1/1 application of the Aydin Siyahi variety.
This was followed by 5/5 application of the Kemer variety (124 plants to the viols and 22 plants to the field,
respectively).

The ploidy level obtained from anther culture was determined as 60 of the 79 plants examined, 60 as
haploid, 13 as diploid, 4 as triploid, 1 as tetraploid and 1 as mixoploid. Of the plants whose ploidy level was
determined, 26 of them were obtained from Aydin Siyahi 1/1, 20 from Aydin Black 5/5, 23 from Kemer 5-5, 8
from Kemer 1/1 and 2 from Aydin Siyahi 0.01/0.01 application.

Table 3. Results obtained from anther culture on 0.01/0.01 medium

f calli F f
Number of Anther Frequency .0 calli requency 0' embryo Plant formation

L. development formation formation

Varieties cultured
anthers Number % Number %  Number % Number %
A.ydln 899 676 75.2 22 3.3 38 4.23 34 3.78
Siyah1
Kemer 1338 971 72.6 28 2.1 17 1.27 1 0.07
Table 4. Results obtained from anther culture on 1/1 medium
Number of Anther Frequency .of calli Frequency of Plant formation

.. development formation embryo formation

Varieties cultured
anthers Number % Number % Number % Number %

A.ydln 936 776 82.9 325 34.7 507 54.2 341 36.4
Siyah1
Kemer 1290 1005 77.9 278 21.6 277 21.5 182 14.1

575



Yiicel / Selcuk J Agr Food Sci, (2024) 38 (3): 571-578

Table 5. Results obtained from anther culture on 5/5 medium

Number of Anther Frequency .of calli Frequency of embryo Plant formation
L. development formation formation
Varieties cultured
anthers Number % Number % Number % Number %
Aydin 922 788 855 490 531 268 29.1 171 28.1
Siyahi
Kemer 1323 1040 78.6 450 34.0 472 35.7 394 33.8
Table 6. Transferring plants obtained from anther culture to the external environment
... C Number of plants transferred to Number of plants transferred to the
Varieties . R
medium vials greenhouse
0.01/0.01 19 6
‘;‘,yd;:‘ 11 171 27
tyat 5/5 115 2
0.01/0.01 - -
Kemer 11 72 13
5/5 124 22
Total 501 90

Figure 5. Direkt androgenesis Figure 6. Indirect androgenesis

4. Discussion

Basay et al. (2010) determined that anther culture resulted in 14.29% embryo formation in the Bonica F1
variety, while anther culture was not successful in S. torvum and S. sodomeum species. They also determined
that, in addition to the genotype effect in anther culture, the growing conditions of the donor plant are an
important factor affecting the result obtained from anther culture. Alpsoy and Seniz (2007) obtained 3.67% of
plants from the Urfa Yerlisi variety by anther culture. Basay et al (2011) claimed that embryo formation was
higher in anther culture established with buds obtained from eggplants grown in summer.

In previous studies carried out to establish an anther culture protocol in eggplant, although callus was
obtained, transformation into plants and haploid plant production could not reach the desired level. It should
be said that the factors affecting the success of anther culture in eggplant are the variety, the growing season
of the donor plant and, perhaps most importantly, the choice of growth regulator and sucrose dose in the
regeneration medium. Because the anthers placed in the same growing environment under the same
conditions could not turn into plants only because the amount of hormones and sucrose were lower. While
394 plants of Kemer variety were obtained in the medium containing 5 mg/L 2.4-D + 5 mg/L Kinetin + 120 g/L
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sucrose, 0.01 mg/L 2.4-D + 0.01 mg/L Kinetin + 30 g/L The fact that only one plant from the Kemer variety was
obtained in the medium containing sucrose proves this.

Embrogenic calli formed in anther culture are valuable as a source of somatic hybridization between
species. Kashyap et al. (2003) reported that protoplast fusion used in somatic hybridization was used to
transfer beneficial traits in interspecific hybridization in case of sexual incompatibility in eggplant. They
emphasized that one of the most important advantages of the somatic hybrid is that, in addition to nuclear
properties, cytoplasmic properties, which are of economic importance, can be transferred to the hybrid. In this
context, embrogenic calli obtained from anther culture will allow somatic hybridization in interspecies
hybridizations.
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