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RESEARCH PAPER

Evaluation of in vitro genotoxic effects induced by in vitro anther culture conditions
in sunflower
Elif Çakmaka, Ahu Altınkut Uncuoğlua, and Yıldız Aydınb

aFaculty of Engineering, Department of Bioengineering, Marmara University, Istanbul, Turkey; bFaculty of Science and Art, Department of Biology,
Marmara University, Istanbul, Turkey

ABSTRACT
Sunflower is a globally important oilseed, food, and ornamental crop. This study seeks to investigate the
genotoxic effects of tissue culture parameters in sunflower calli tissues belongs to two genotypes
obtained via anther culture. Anthers were pretreated with cold for 24 hours at 4°C and heat for
2 days at 35°C in the dark and plated onto media supplemented with different concentrations and
combinations of 6-benzylaminopurine, 2,4-dichlorophenoxyacetic acid, α-naphthalene acetic acid and
indole-3-acetic acid. Obtaining calli tissues were used to detect the DNA damage levels by Comet assay,
evaluating changes on superoxide dismutase and guaiacol peroxidase activities derived from in vitro
culture factors. 0.5 mg/L 2,4-dichlorophenoxyacetic acid and 2 mg/L α-naphthalene acetic acid from
plant growth regulators showed acute genotoxic effect while 0.5 mg/L indole-3-acetic acid and 0.5 mg/L
α-naphthalene acetic acid showed no genotoxic effect. Total protein content analysis of antioxidant
enzymes revealed that although superoxide dismutase activity did not increase, Guaiacol peroxidase
(GPOX) activity decreased in comparison to control. The obtained results have indicated that in vitro
culture factors apparently lead to genotoxicity and oxidative stress.
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Introduction

Sunflower (Helianthus annuus L.) is one of the species belong-
ing to Helianthus genus found in the family Compositae
(Asteraceae) of Asterales.1,2 Sunflower is the fourth most
important oilseed crop in the world in terms of total yearly
production, after soybean, rapeseed, and groundnut. It is the
fourth important oilseed crop which contributes 12% of the
edible oil produced globally. The total sunflower achene con-
sumption was 14.14 million metric tons as opposed to the
total oilseed consumption of 178.4 million metric tons during
the year 2015–2016.3,4

Studies which include raising the vegetable oil production,
increasing the efficiency of breeding area or unit area and
reducing the deficit of foreign currency in Turkey are very
important in respect of economy and strategy. Classical
breeding techniques used in sunflower agriculture involve in
population breeding and selection, hybridization, backcross
breeding, inbreeding, mutation breeding, genus and species
hybrids, polyploidy breeding.5 The varieties obtained using
traditional breeding methods are about to reach their upper
limits of capacity of genetic productivity because of the use of
the same gene source. Basis of biotechnological applications
oriented towards sunflower breeding call for tissue culture
studies. Therefore, the establishment of tissue culture systems
has a great importance for genetic manipulation of sunflower
in order to obtain agronomically important varieties.6 Anther
culture is the one of haploid plant production methods in
tissue culture applications. Anther culture of sunflower still
faces numerous challenges; one of which is off-type of

in vitro-derived sunflower plants, especially, when somatic
embryogenesis and calli production are employed. In this
frame, significant group of researchers identified different
growth abnormalities such as somaclonal variations.7

As in other species, anther culture response of sunflower
(Helianthus sp.) is strongly affected by physical, nutritional,
physiological and genetical factors. In vitro culture factors
apparently lead to oxidative stress and genotoxicity. In recent
years, in vitro techniques have been extensively used not only
in vitro screening in plants against abiotic stress but also
creating in vitro models for studying and observing morpho-
logical, physiological and biochemical changes of both unor-
ganized tissue levels against abiotic stresses. Plant tissue
culture techniques are performed under aseptic and con-
trolled environment using artificial media for growing and
multiplication of explants. Because of these characteristics
in vitro techniques, these techniques are suitable for research-
ing both specific and common response to stress factors in
plants. As it is known, oxidative stress is secondary effect of
these factors and several techniques have been used to induce
oxidative stress under tissue culture conditions.8 There are
many reasons for the increased antioxidant enzyme activities
under abiotic stresses induced with in vitro plant tissue cul-
ture techniques.9–14

The role of oxidative stress in morphogenesis in vitro has
been examined in common ice plant (Mesembryanthemum
crystallinum L.).15 Calli differing in regeneration potential
(i.e., rhizogenic or embryogenic) also differed in H2O2 con-
tent as well as in
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SODs and CAT activities, suggesting the possible involve-
ment of ROS in induction of different morphogenic pathways.16

Oxygen constitutes molecules called Reactive Oxygen
Species (ROS) that can react with other molecules during
living functions of living aerobic cells and change the struc-
tures of the molecules they enter into the reaction. These
molecules cause functional disorders in damaged tissues and
organs that cells form.17 Stress conditions usually increase
ROS production exceeding the cell antioxidant capacity, oxi-
dative stress is likely to occur while ROS levels are tightly
controlled by antioxidant systems in unstressed plants.18

Oxidative stress is one of the main reasons for spontaneous
mutations in genome because of hyperactive ROS. Oxidative
stress is also induced to be indirect effects of physical or
chemical mutagens. The main effects of these mutagen, how-
ever, directly trigger DNA-lesions, such as transposons activa-
tion, inducing chromosome breakage and/or rearrangement,
polyploidy, epigenetic variations, point mutations. Genotypic
and phenotypic variations are created in the progeny of plants
regenerated from plant tissue culture. If these variations are
created in somatic cells or tissues, they are called somaclonal
variations which are useful in crop improvement.19

Productions of ROS are controlled by two antioxidant
defense systems as enzymatic and non-enzymatic.
Superoxide Dismutase (SOD) and Peroxidase (POX) are
found in enzymatic antioxidant system, both of which catalyze
H2O2.

20,21 H2O2 is not a free radical, but participates as an
antioxidant or a reductant in several cellular metabolic path-
ways. H2O2 increased with oxidative stress, which encouraged
us to study activities of SOD and POX. Many researchers
reported that excess POX activities were measured in wide
range of plant varieties under abiotic stress conditions
induced with in vitro techniques. POX also break up indole-
3- acetic acid (IAA) while it has a role in the biosynthesis of
lignin and defense against biotic stresses by consuming H2O2

in the cytosol, vacuole, and cell wall as well as in extracellular
space. Advanced-antioxidant defense systems play an impor-
tant role in plants and they improve plants against these
stresses while tolerating environmental stress.8

Oxidative stress also has great a potential to create varia-
bility in plant genome by activating transposons, inducing
chromosome breakage/rearrangement and point mutation
and these situations are one of the main reasons for sponta-
neous mutations which are one of the key factors of plant
breeding.8 Higher plants are recognized as excellent indicators
of cytogenetic and genotoxic effects of tissue culture para-
meters. There are many studies related to genotoxic effects of
in vitro culture parameters especially plant growth regulators
onto different plant species by many researchers.22–24,7,25–26

The Comet assay is one of the most commonly used
in vitro and in vivo mutagenesis tests that analyze cell reaction
to genotoxic agent and additionally a few biotic and abiotic
stresses that prompt oxidative DNA damage. This assay is
based on the quantification of denatured DNA fragments
migrating out of the cell nucleus during electrophoresis and
highly useful tool for measuring DNA damage in cells which
is widely used in fields ranging from molecular epidemiology
to genetic toxicology.24,27 Comet assay is an important
method that can be applied on fungi, algae, theoretically all

higher plants, sea creatures, insects, vertebrates and humans,
both in terms of following with environmental health and
informing about the defense potentials of the target organisms
and their future health status.28–31

In this study, it was evaluated that the changes on geno-
toxicity and antioxidant enzyme activities total protein con-
tent derived from androgenic calli tissues with the effect of
plant growth regulators, genotypes and pretreatments in sun-
flower. Evaluating the genotoxicity and antioxidant defence
system in sunflower could help determine whether this culti-
vars are adapted for growth under in vitro culture conditions.

Materials and methods

Anther culture

After testing for genotypic response two different field grown
interspecific hybrids have been selected as donor plants for
anther culture. The flower buds were stored at +4°C for
24 hours to study the effect of cold pretreatment before
culture. Likewise, for studying the effect of heat pretreatment
flower buds were stored at + 35°C for 2 days after culture. The
flower buds were surface sterilized by immersing in 3%
Tween20 solution for 5 minutes followed by 1% bleach solu-
tion for 15 minutes and three rinses in sterile distilled water.32

The anthers which were at the mid- to late uniuncleate stage
were excised under a stereo binocular microscope. All extra-
neous materials like papillae were removed. Anthers of two
sunflower cultivars in the stage of uninucleate microspores
were placed on four different culture MS33 media (pH 5.8)
supplemented with basic MS macro and micro salts, 3% (w/v)
sucrose, 0.2%(w/v) phytagel and varying concentration of
plant growth regulators [0,5 mg/L NAA+0,5 mg/L BAP
(A1); 0,5 mg/L 2,4D+ 0,5 mg/L BAP (A2); 0,5 mg/L
IAA+0,5 mg/L BAP (A3) and 2 mg/L NAA+1 mg/L BAP
(A4)]. Semi-solid MS medium supplemented with 0.5 mg/L
Kinetin and 1 g/L PVP was used as regeneration medium. The
cultures were incubated in the light a 16/8 photoperiod at
25 ± 1°C in plant growth cabinet. After one month in culture,
calli tissues and regenerants were transferred to regeneration
medium. Sub culturing was performed per month and all
experiments were repeated three times.

Comet assay

Comet assay was performed following the method described
by Çavaş and Könen,34with a few minor modifications. Leaf of
sunflower grown in MS medium used as a negative control
while leaf grown in MS medium supplemented with 150 µm
AlCl3 for two weeks was used as a positive control and calli
tissues obtained from anther culture studies were used as
treatment group material. The nuclei were isolated from calli
by careful slicing with a razor blade in 0.4 M Tris- HCl buffer
(pH = 7.5) on ice in the dark. The mixture was passed
through a filter with a pore diameter of 20 µm to remove
the debris and large colonies and was waited on ice for
10 minutes. All steps were performed in dim light and ice to
prevent induction of DNA damage. 100 µl of nuclei suspen-
sion was mixed with the 100 µl of 0.65% liquid low melting
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agarose (LMA) (1:1) by gently pipetting. As soon as 100 μl
agarose/nuclei mixture were spread on the slide that are pre-
viously coated with 0.65% high melting agarose (HMA). The
slides were covered with coverslip and coverslips were care-
fully removed from slides after 10 minutes at + 4°C to freeze
the LMA. The slides were incubated in electrophoresis buffer
(300 mM NaOH, 1 mM EDTA, pH>13) for 15 minutes to
facilitate DNA unwinding. The slides were then placed on
horizontal electrophoresis tank filled with freshly cold electro-
phoresis buffer, followed by performing electrophoresis for
30 minutes at 26 V, 300 mA at 4°C. Neutralization was carried
out in cold Tris-HCl buffer changed for 3 times in every
5 minutes. Each slides was stained with 80 μl of ethidium
bromide (1:4 EtBr: distilled water) and kept at 4°C until
analysis. The slides were analyzed under a fluorescent micro-
scope at 20X magnification. For each sample, 50 random cells
were scored. Comet parameters were measured and analyzed
using CAMERAM software. The % tail DNA and olive tail
momentum parameters were calculated as a measure of DNA
damage of 50 comets. % Tail DNA values were shown as the
percentage of DNA in Comet tail. Olive tail moment values
were shown as multiplication of % tail DNA and difference
between center of gravity of DNA in the tail and center of
gravity of the head DNA. Each independent experimental
group were evaluated with each providing a median value of
%DNA in tail and olive tail moment.

Determination of total protein content

The total protein content wasmeasured according to Bradford.35

The calli tissue (0,1) g was homogenized in 100 mM potassium
phosphate buffer (pH = 7.8) containing 0.1 mM EDTA, 1%
(w/v) PVP, and 0.5% (v/v) Triton X-100 with a chilled mortar
and pestle with a ratio of 1 g/3 mL buffer.36 The homogenates
were centrifuged at 18,000 g for 20 minutes at 4◦C. The reaction
mixture including Bradford reagent (5 mL) and supernatant
(100 μL) were measured at 590 nm spectrophotometrically.
A standard curve was constituted with a series of dilutions of
bovine serum albumin (BSA). The obtained supernatant was
collected for the determination of total protein content and
antioxidant enzyme activity (SOD and POD).

Determination of guaiacol peroxidase activity

Guaiacol peroxidase (GPOX) activity activity was determined
according to Birecka et al.37 The homogenates were centri-
fuged at 11,000 rpm for 25 min at 4◦C. The reaction mixture
included 10 μL supernatant, phosphate-saline buffer (pH 5.8),
15 mM guaiacol and 5 mM H2O2. GPOX activity was mea-
sured for 2 min at 470 nm, spectrophotometrically. Enzyme
specific activity is expressed as μmol of H2O2 reduced min−1

(mg protein)−1. Each application was repeated at least 3 times.

Determination of superoxide dismutase activity

The superoxide dismutase (SOD) activity was determined
according to Giannopolitis and Ries,38 which is ment to
analyse the inhibition of the photochemical reduction of
nitroblue tetrazolium (NBT), 2 μl of the supernatant and

20 μl 0.2 mM riboflavin were mixed with 2 ml 100 mM
phosphate buffer containing 50 mM sodium carbonate, 100
μM EDTA, 13 μM L-methionine and 75 μM NBT. The homo-
genates were centrifuged at 14,000 rpm for 20 min at 4°C. The
reaction mixtures were kept under white fluorescent lamps
(15W) for 10 min and measured at 560 nm. One unit of SOD
is defined as the amount required inhibiting the photo reduc-
tion of nitroblue tetrazolium (NBT) by 50%.

Statistical analyses were performed by using Multivariate
test of General Linear Model in SPSS Statistics 21 program
taking P < .05 as significance.

Results

Anther culture

It was determined that calli tissues began to develop on anthers at
the end of the first week. Some of these calli are in embryogenic
formwhile others had a compact, flat calli structure. Embryogenic
calli are globular embryoids with a dispersed, whitish structure,
whereas non-embryogenic calli are compact or spongy. The num-
ber of callus, embryogenic calli, presence of regeneration, percen-
tage callus and percentage embryogenic callus parameters were
evaluated to determine the effect of individual genotypes on
androgenesis with different pretreatments and media.

It was observed that the percentage of embryogenic calli
ranged from 65% to 26%, while the percentage of callus-
forming anthers varied between 95% and 75% given the effect
of 24-hour cold treatment with different genotypes and media.
The regeneration percentage was ranged from 10% to 6%. The
percentage of embryogenic callus ranged from 66% to 42%,
while the percentage of callus-forming anthers varied between
100% and 48%. The effect of 2-day heat treatment with differ-
ent genotypes and media taking into account, the regeneration
percentage ranged from 23% to 4%. The best callus induction
result (100%) was obtained from G2 genotype with 2-day heat
pretreatment in A1, A3 and A4 medium while the best
embryogenic callus induction (65%) was obtained from G2
genotype with 24 – hours cold pretreatment inA4 medium.
Best regeneration (23%) was obtained from G1 genotype with
24 – hours cold pretreatment in A2 medium (Figure 1).

Effect of genotype

In total, 424 calli (88%) were produced from 480 anthers, 158
embryogenic calli (37%) produced from these calli and 14
regenerations (9%) were obtained from the embryogenic calli
placed on nutrient media for G1 genotype. The percentage of
anthers forming calli, embryogenic calli and regeneration were
81%, 50%, and 2% respectively for G2 genotype (Figure 2A).

Effect of medium type

In total, 166 calli (83%) were produced from 200 anthers, 68
embryogenic calli (41%) produced from these calli and 2
regenerations (3%) were obtained from these embryogenic
calli placed on nutrient media for A1 medium. For A2 med-
ium, 220 anthers were planted, 179 of which callus, 69 of
which were embryogenic; 5 of these embryogenic calli were
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regenerated. In this case, the percentage of anthers forming
calli, embryogenic calli and regeneration were 81%, 39%, and
7% respectively. For A3 medium, 220 anthers were planted,
188 of which were callus, 49 of which were embryogenic; 8 of
these embryogenic callus were regenerated. In this case, the
percentage of anthers forming callus is 85%, the percentage of
embryogenic callus is 26%, and the percentage of regeneration
is 16%. In total, 182 calli (91%) were produced from 200
anthers, 84 embryogenic calli (46%) produced from these
calli and 2 regenerations (2%) were obtained from these
embryogenic calli placed on nutrient media for A4 medium
(Figure 2B).

Effect of pretreatment

The efficiency of pretreatment for 24 hours at +4°C were eval-
uated, using 580 anthers. 511 of these anthers produced callus,
188 of these calli were embryogenic and 12 of the embryogenic
callus were regenerated. In this case, the percentage of anthers
forming calli, embryogenic calli and regeneration were 88%,
37%, and 6% respectively. In total, 260 anthers were planted
while 204 of these anthers were callus, 115 of these calli were
embryogenic, 5 of the embryogenic callus were regenerated for
2 days at 35°C. In this case, the percentage of anthers forming
callus is 78%, the percentage of embryogenic callus is 56%, and
the percentage of regeneration is 4% (Figure 2C).

Figure 1. Effect of genotype, medium type and pretreatment on percentage of callus (a), embryogenic callus (b) and regeneration (c).

Figure 2. Obtained % callus, embryogenic callus and regeneration ratio for genotype (a), medium type (b) and pretreatment (c) (** = significant differences at
p < 0.05).
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Comet assay

Comet formations that reflect DNA profiles migrating outside
the nucleus and consisting of genotoxic damage were shown
by fluorescence staining for sunflower anther cultures used as
application groups and positive and negative controls. The
obtained Comet images being examined, a distinct tail struc-
ture was observed in the positive control group, compared to
the negative control (Figure 3). The visual Comet scores of all
the results, which can be observed visually from the genotoxic
damage that occurs in the different application groups with
different contents, are given in Figure 3. In general, DNA
damage was observed on A2 and A4 medium. The obtained
images were analyzed with the aid of the Cameram software
and the results were evaluated according to tail % DNA and
olive tail moment parameters, which provided a good correla-
tion in genotoxicity studies.

The highest tail % DNA result was obtained from G1 geno-
typewith 24 -hour cold pretreatment in A2medium. The highest
olive tail momentum result was also obtained from G1 genotype
with 24-hour cold pretreatment in A2medium. The lowest tail %
DNA result was obtained from G1 genotype with 2 -days heat
pretreatment in A1 medium. Result of the lowest olive tail
momentum was also obtained from G1 genotype with 2 -days
heat pretreatment in A1 medium (Figure 4). The effect of geno-
type, medium composition and type of pretreatment on tail %
DNA was discussed separately (Figure 5).

Determination of total soluble protein and antioxidant
enzyme activity

The total soluble protein levels and antioxidant enzyme activities
parameters were evaluated to determine the effects of genotype,

Figure 3. Fluorescence microscope images of DNA damage occurring in different applications and controls: negative control (a), positive control (b) and treatment groups (c-r).

Figure 4. Tail % DNA and olive tail moment data results in analysis of Comet images obtained from sunflower callus.
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medium types and pretreatments on genotoxicity under in vitro
tissue culture conditions. Our studies demonstrate that antiox-
idant enzyme activity and protein concentration is changed in
various stress conditions using calli tissue as a material.

The highest protein concentration was obtained from G1
genotype 2 days heat pretreatment A4 medium while the
lowest protein concentration was obtained from G1 genotype
24 hours cold pretreatment A3 medium (Figure 6). Protein
concentration in G2 medium was higher than G1 genotype,
regardless of medium and pretreatments. In A4 medium,
protein concentration was the highest while in A1 medium
was the lowest, regardless of genotype and pretreatments. The
heat pretreatment was higher than 24- hours cold pretreat-
ment in 2 days, regardless of medium and genotypes for total
soluble protein concentration (Figure 9).

The antioxidant enzyme activities parameters were evalu-
ated to determine the effects of genotype, medium types and
pretreatments on genotoxicity under in vitro tissue culture
conditions. Our studies demonstrate that antioxidant enzyme
activity is changed in various stress conditions using calli
tissues as material.

GPOX activity in A1 medium had the highest for G2 geno-
type in 2 days heat pretreatment while in A1 medium had the
lowest activity for G1 genotype in 2 days heat pretreatment
(Figure 8). GPOX activity in G1 medium was higher than G2
genotype regardless of medium and pretreatments (Figure 9).
GPOX activity in A2 medium was the highest while in A1
medium was the lowest regardless of genotype and pretreat-
ments (Figure 9). GPOX activity in 2 days heat pretreatment
was higher than 2 days heat pretreatment regardless of medium
and genotypes (Figure 9). Taking in the account the SOD activity
in A1medium had the highest activity for G1 genotype in 2 days
heat pretreatment while in A1 medium has the lowest for G1
genotype with 24 hours cold pretreatment (Figure 7). SOD
activity in G2 medium was higher than G1 genotype, regardless
of medium and pretreatments. SOD activity in A1 medium was
the highest while in A3 medium was the lowest, regardless of
genotype and pretreatments. SOD activity in 2 days heat pre-
treatment was higher than 2 days heat pretreatment, regardless
of medium and genotypes (Figure 9). Activity of SOD did not
show an increase while activity of GPOX was increased by plant
growth regulators compared to negative control.

Figure 5. Tail % DNA and Olive tail momentum results in analysis of Comet images obtained from sunflower callus according to genotype, medium type and
pretreatment (** = significant differences at p < 0.05).

Figure 6. Protein concentration of each treatment groups and control groups. Figure 7. SOD activity results of each treatment groups and control groups.
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Statistical analysis

The genotype was an effective parameter on % regeneration
(P: 0,045), SOD activity (P: 0,008), tail % DNA (P < .001) and
olive tail momentum (P: 0,003) parameters. Themedium type was
an effective parameter on GPOX activity (P: 0,003), tail % DNA
(P < .001) and olive tail momentum (P < 0,001) parameters. The
pretreatment was an effective parameter on % embryogenic calli
(P: 0,014), SOD activity (P: 0,033), tail %DNA (P < .001) and olive
tail momentum (P < 0,001) parameters.

Discussion

There aremany anther culture studies that have investigated to the
effect of genotype, medium type and pretreatments. In these
studies, carried out by many researchers, it is emphasized that
the genotype is the controlling factor in many stages, such as
anther calli formation,39,40 embryoid formation41 and plant
regeneration.42,43 In a study by Thengane et al.,44 4 different sun-
flower genotypes were used and the highest calli and embryogenic
calli ratios were obtained in the Russian variety. In anther culture
study of, 20 different sunflower hybrids were used, but only three
of which plant could be obtained Nenova et al.45 Based on the

results of these studies, genotype has been determined to be
effective in formation rate of callus. This may be explained by
the amount of internal hormones contained in different genotypes
as well as by the genetic predisposition to hybridization.32 But the
effect of genotype could not be determined effectively because of
only two genotypes were used in our study.

Many publications have focused on the use of auxin and
cytokine on haploid calli and embryo development.46–48

A study by Nenova,49 using Helianthus hybrids (H. annuus
x H. smithii, H. annuus x H. eggertii), the most effective plant
regulator combination was found to be 0.5 mg/l NAA and
0.5 mg/l BAP. Likewise, Jonard and Mezarobba50 obtained the
most effective result from the same growth regulator combi-
nation in 1990 with wild Helianthus hybrids. Similarly, it has
been determined that 2 mg/L NAA and 1 mg/L BAP is the
most effective combination in our study. In 1985, Bohorova
et al.51 reported that in a study with 24 different combinations
of growth regulator and IAA containing nutrient medium,
70–100% of the anthers were in the form of granular embryo-
genic calli. In our study, it has also been observed that the calli
structure developed from the IAA plant growth regulator-
containing A3 nutrient medium is compact.

It was reported by Jonard and Mezzarobba (1990)50 that
32–35°C hot pretreatment was suitable for anther culture.
According to Sunderland et al.,52 cold pretreatment throw
over tapetum and pollen porosity by promoting aging in the
anther tissue. This prevents regeneration derived from vege-
tative origin. According to Tukey test; however, pretreatment
type was not an effective parameter for % regeneration ratio
(P:0.189). In another study, it was indicated that preliminary
application at + 4°C was not very effective in calli formation
but it was an effective factor in embryogenesis.32 In contrast,
cold pretreatment was not an effective factor in embryogen-
esis in our study. We observed that heat pretreatment is more
effective than cold pretreatment for embryogenesis.

Saji and Sujatha,32 reported in an anther culture study with
sunflower that trunk development was only in the nutrient
medium with 0.5 mg/l BAP content. In a study by Priya et al.,53

Figure 8. POX activity results of each treatment and control groups.

Figure 9. Protein concentration, SOD and POX activity results according to genotype, medium type and pretreatment (** = significant differences at p < 0.05).
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the effects of different concentrations of BAP and kinetin on
regeneration were investigated and it was stated that BAP-
containing nutrient media were more effective and that rooting
occurred when concentration was lowered. Akgül,54 reported
that the nutrient medium containing kinetin (0,1 mg/L) was
more suitable because of the vitrification structure of the
regenerations that developed in nutrient media containing
BAP (0,5 mg/L). In this study, 0.1mg/L kinetin was used as
regeneration medium and then the kinetin concentration was
increased to 0.5 mg/L.

In vitro culture factors could apparently lead to oxidative
stress and genotoxicity. In recent years, in vitro techniques
have been extensively used not only in vitro screening in
plants against abiotic stress but also to creative in vitro models
for studying and observing morphological, physiological and
biochemical changes of both unorganized tissue levels against
abiotic stresses.8 There are many studies related to genotoxic
effects and oxidative stress of in vitro culture parameters onto
different plant species by many researchers.

In one study, for instance, Koppen and Cerda,55 performed
irradiation with a 60Co gamma source onto dry soya beans,
lentil, sunflower, sesame and linseed seeds. They used Comet
assay to identify seeds irradiated with low doses of 60 Co
gamma and they found that all the samples could be identified
by either means, including the one irradiated with 25 Gy. Bibi
et al.,26 employed V. dahliae (Vd) toxin as pathogen-free
model system to induce stress on cotton calli growth, and its
amelioration was investigated using 24-epibrassinolide (EBR).
Vd toxin alone caused the degradation of DNA and tail
moments of the Comet were more frequent. In a study by
De Arcaute et al.,25 genotoxicity of the 54.8% 2,4-D-based
commercial herbicide were assayed on Cnesterodon decemma-
culatus by using Comet assay. Researchers found that expo-
sure to 2,4-D with in the 252–756 mg/L range increased the
genetic damage index in treatments lasting for either 48 and
96h. Many studies have shown that 2.4-D has genotoxic
potential by using different test systems.56–58 Several research-
ers reported that 2,4-D has cytogenetic effects, including
chromosome abnormalities in the meiosis of barley and
Vicia faba and sister chromatid exchanges in cultured imma-
ture embryos of wheat species.59 Özkul et al.,24 investigated
cytogenetic effects of different concentrations of 2,4-D (0.67,
1.34, 2.01, 2.68, 3.35 and 4.02 mg/L) on Allium cepa bulblet’s
root tips treated for 24 and 48 h. In this study, they reported
that 2,4-D treatment after 48-h, significantly decreased mitotic
index at the highest concentrations as confirmed cytologically
and by Comet test. Results determined that there is a negative
cytogenetic effect of 4.02 mg/L 2,4-D for 48 h treatment in
plant tissue culture studies. In our study, it was determined
that there is acute genotoxic effects of 2.4 D (0.5mg/L) and
NAA (2 mg/L) from plant growth regulators by Comet assay
with calli from in vitro anther culture.

Plants produce oxine and cytokine in their own tissues.
These hormones can reach high doses in plants by supplement-
ing these plant growth regulators from outside in plant tissue
culture studies. The production of auxin and cytokine may be
distinct in plants for different gene sources. In our study, there
was genotoxic effect in 24 hours cold pretreated G2 genotype in
A4 medium while there is no genotoxic effect in 24 hours cold

pretreated G1 genotype in A4 medium. In contrast to this,
there was genotoxic effect in 2 days heat pretreatment G1
genotype in A4 medium while there is no genotoxic effect in
24 hours cold pretreated G1 genotype in A4 medium. There
was genotoxic effect in 24 hours cold pretreat G2 genotype in
A4 medium while there was no genotoxic effect in 2 days heat
pretreated G2 genotype in A4 medium. All the results men-
tioned above shared the effects of genotype based on response,
medium types and pretreatments.

There are studies demonstrating that antioxidant enzyme
activity changed in various stress conditions using callus or
other plant tissues as material, in a similar way to our study.
Hassanpour et al.,13 researched the effect of high-frequency
vibration on growth rate, membrane stability and activities of
some antioxidant enzymes in callus tissues of Hyoscyamus
kurdicus. Results showed that sinusoidal vibration signifi-
cantly increased the protein and proline contents and activity
of SOD, ascorbate peroxidase (APOX) and POX enzymes, and
decreased total carbohydrate, H2O2

Level and CAT activity, compared to control. In a study by
Helaly et al.,14 the effects of Polyethylene glycol (PEG) on
embryo growth and development in date palm cell suspension
culture and associated antioxidant enzyme activities were
evaluated. Results showed that total soluble protein (TSP),
proline, glycine betaine (GB), total soluble phenol (TSPh),
total sugars (TS), and total soluble organic acids (TOA) also
increased whereas SOD activity decreased in response to PEG
supplementation. Alharby et al.,11 shows that tomato plant
tissues (callus) upregulate antioxidant enzymes SOD and
GPOX in an attempt to offset the metabolic effects of salt
stress. In other study conducted by Nejadalimoradi et al.,10

the effect of salt stress on CAT, GPOX and APOX in leaves
and roots of sunflower plant either with or without pretreat-
ment was assayed. The results showed that in plants under salt
stress, sodium nitroprusside (SNP) pretreatment could
increase the activity of CAT, GPOX and APOX enzymes in
root and leaves of plants while Arg pretreatment increased the
activity of CAT and APOX in roots and leaves of plants and
had no significant effects on GPOX activity when compared
with non-pretreated plants. Alhasnawi et al.,12 researched the
influence of exogenous ascorbic acid on the embryogenic
callus of indica rice cultivated under saline conditions. They
showed that activities of peroxidase, catalase, superoxide dis-
mutase, as well as content of proline increased due to the
NaCl treatment, and these parameters were mostly further
increased by 0.5 mM AsA. Jabeen and Ahmad,9 studied the
growth and the generation and scavenging of ROS under
normal and salt stress conditions in relation to the priming
of seeds of safflower and sunflower, with different concentra-
tions of chitosan. Results demostrated that CAT and POX
activity were increased by low concentrations of chitosan.
With increasing salt stress, low concentrations of chitosan
increased germination percentage but decreased malondialde-
hyde and proline contents and CAT and POX activity. In our
study; results of POX activity were the highest for A4 med-
ium, 2 days heat pretreatment G1 genotype according to other
medium types. The result of SOD activity was the highest for
2 days heat pretreated G2 genotype in A2 medium. Results of
POX activity were the highest for 2 days-heat pretreated G1

e1633885-8 E. ÇAKMAK ET AL.



genotype in A4 medium, 24 hours cold pretreated G1 geno-
type in A2 medium and 24 hours cold pretreated G2 genotype
in A4 medium compared to other medium types. The SOD
and GPOX activity could be increased correspondingly with
genotoxicity.

In conclusion; 2.4 D (0.5 mg/L) and NAA (2 mg/L) from
plant growth regulators, an important factor in sunflower
plant tissue culture, could be a chemical agent with acute
genotoxic effect in plants by causing DNA damage while
IAA (0.5 mg/L) and NAA (0.5 mg/L) has no genotoxic effects.
These plant growth regulators can be used for in vitro plant
tissue culture studies in future studies. Medium type can be
cited as the most effective parameter in this study while the
effects of genotype, medium type and pretreatment are
observed in all the results. Overall results indicated that
in vitro culture factors especially plant growth regulators
could apparently lead to genotoxicity and oxidative stress.
Sunflower callus tissue was also used for the first time in
this study for Comet assay and antioxidant enzyme activity.
Long-term genotoxicity studies can be an important approach
to gaining insight into organism’s ability to repair DNA and
other protective mechanisms.60 The findings further under-
scored that the appropriate dose ranges of media composition
and pretreatment conditions were important for induction of
genotoxic adaptation in plant cells. The findings have impli-
cations in inducible plant adaptation to hostile environments
in the long run.
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