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Abstract

Mutation breeding is used for plant variety, to obtain high yield, earliness, resistance to pest and diseases
and also to abiotic stress conditions. Gamma radiation application in physical mutagen applications has
advantages on the ease of use, the high permeability and the ability to reach the target cells and the nontoxic
and harmful effects. It expanses the present variation by creating a mutation with physical mutagenesis via
Co% irradiation applied to in vitro donor plant tissues, and provides selection of variations at the cellular
level in desired properties. Carrot is an important vegetable crops and in demand by the local markets
throughout the year. This study was carried out to obtain a database and to determine the Effective Mutagen
Dose (EMDsp) in the course of mutation breeding studies on purple and orange carrots. For this aim, 0, 5,
10, 20, 30, 40, 50 and 60 Gray (Gy) doses of Co®® (gamma-rays) were applied to carrots calli as a physical
mutagen of 30 callus pieces (each 1 g) per dose. 4-5 weeks after irradiation, shoot development of callus
were determined and EMDs calculated by linear regression analyses. As a result of the research, it was
determined that 8,36 Gy was an effective mutation dose for purple carrot and 23,605 Gy for orange carrots
due to the regression analyses.
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Introduction

Nutrition wise, carrots are major parts of the diet as they provide the majority of vitamin A and fibres
needed by humans. Thus, according to Simon (1997) and Horvitz et al (2004), they are one of the most
widely grown vegetable crops on earth. Carrots are one of the most important vegetable crops globally,
with China producing the largest area (130,000 ha), followed by the United States (78,000 ha), Russia
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(25,000 ha) and Brazil (22,250 ha)®. Increasing the agricultural worth of carrots can be carried out by
increasing the quality and amount of produce, which is seen as an advantage as they are very important
for the health of humans. There are a great variety of carrots, including red carrots that contain lycopene,
yellow carrots that contain xanthophyll, white carrots that have no pigments resulting in colours, and
purple carrots containing anthocyanin. Even though these carrots are also given land for growth, the
majority of land used for carrot production is dedicated to the orange carrots that contain carotenoid in
their roots. This is because carotenoid is the building block of vitamin A. However, Harborne and
Williams (2000) reported there has been a recent increase in the production of anthocyanin pigment
containing vegetables which is a major characteristic of purple carrots, due to people becoming
increasingly aware of these vegetables being essential for a healthy diet. The vegetables that contain the
flavonoid anthocyanin, which is also water soluble, have a characteristic purple, red, or blue colour and
can be easily recognised.

It was reported by Ross and Kasum, (2002) anthocyanins have a myriad of advantages health-wise
including properties like protection against coronary heart-related ailments, additional diseases related
to old age, infections, and various cancers. Montilla et al (2011) reported that, another characteristic is
that with changing pH, changes in anthocyanin colour, from red to purple, can be observed, resulting in
the increase of this pigment being used in ready meals in the food industry due to their use as natural
colorants in food. Anthocyanin pigments, that are a type of cyanidin glycoside, are found to be abundant
in purple carrots and their storage roots can gather nearly the fresh weight of 17-18 mg/100 g.

In 2017, Turkey had a carrot yield of approximately 569 533 t grown on 10 850 ha of agricultural land,
with the provinces of Konya (355 652 t), Hatay (60 483 t), and Ankara (132 880 t) leading this production
as they make up 93% of all the carrots produced according to the Turkish Statistical Institute (TUIK).
Additionally, most of these produced carrots were orange carrots. For the production of a traditional
drink known as ‘salgam’, mostly produced in Turkey’s Mediterranean region, purple carrots which are
known for containing a large amount of anthocyanin have been used for centuries. However, the
production of purple carrots is very limited in Turkey today for the purpose of producing salgam, even
though its production has been increasing exponentially for the purpose of extracting anthocyanin to be
used by the pigment industry. From all the purple carrots grown in Turkey, 90% of them are used for the
pigment industry with the entire yields of the pigment being exported. While the production of purple
carrots is mostly concentrated in the Konya and Hatay provinces, most of them is grown in the Eregli
District of Konya, with 95% of purple carrot production originating from this area. While even today the
growth of purple carrots occurs by using local open-pollinated cultivars of these carrots, 90% of orange
carrot production in Turkey utilize cultivars that are hybrid. Farmers, by choosing carrots that have a
profound purple colouring in their storage roots, locally known as “black carrots”, have grown and
maintained the previously mentioned cultivars of purple carrots that are open pollinated, or landraces.
Conventional breeding has greatly contributed to the enhancement of carrot traits. However, mutation
breeding can provide an important complementary technology to improve carrot quality and productivity.
Developing plants that are genetically modified are very favoured today. However, studies that are
nuclear-based are cheaper when compared to transgenic plant lines that also have resulted in a lot of
controversy around the world.

Nuclear-based studies enable a shorter time for conclusive results to be seen and doesn’t have the
disadvantages to human health associated with genetically modified plants and their development. In
research mostly carried out in the past 50 years, it can be observed that, particularly in plants that are
self-fertilized, the technique utilizing mutation breeding allows a significantly higher benefit in
developing characters that reported by Anonymous (2018), Sagel et al (2002) and Waycott et al (1995),
governed by one gene and that show simple inheritance. Mutations have also been successfully induced
in physiological traits, and comprise such features as early, perpetual and rich flowering, changes in
photoperiodic reaction, tolerance against abiotic stress factors and increased disease resistance.

It was reported by Schum (2003) that gamma radiation application in physical mutagen applications;
easy to use, highly permeable, accessible to target cells and lack of any toxic effects and harms. In
practice, nowadays, most often use is made of sparsely ionizing radiation, to which category X-rays and
gamma rays belong. Gamma rays and X-rays are electromagnetic radiations and have an energy level
that is high enough, to ionize atoms in molecules with which they interact. Gamma rays have shorter
wavelengths, but otherwise are identical with X-rays with respect to their physical properties.
Normally, in vivo mutagen treated plants are grown under field condition and population size is restricted
due to limitation of land and funding. Population size is reduced due to some unavoidable environmental
conditions. It is well established that the larger the population size, the greater the chance of getting
mutations. As mentioned, chimerism is the major drawbacks of in vivo mutation following the mutagenic
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treatment of multicellular organisms. Therefore, concept of in vitro mutagenesis has opened new
possibilities for inducing an increased number of mutants and solid mutants. The main advantage of this
technique is to overcome chimera formation. Mutation induction and selection of desired traits in
combination with in vitro techniques offer several advantages over conventional methods. Any explant
or callus can be treated with mutagen/s and they can be allowed to regenerate through in vitro methods.
In in vitro methods, according to Ahloowalia (1995), Maliga (1984) and Maluszynski et al (1995) cells
can be uniformly treated with physical and chemical mutagens and can be grown in a uniform cultural
environment. In vitro mutagenesis experiments can be conducted with large populations, within limited
space and any time of the year. The chances of getting solid mutant/s are more in in vitro mutagenesis.
The main advantage of this method is that it helps to avoid chimera formation in the M1V1.

Many mutations are used to induce gamma radiation and X-ray mutations in therapy trials. Dosage limits
to be used in mutation treatment studies should be well defined. For this, Sagel et al (2002) reported the
concept of "effective dose (ED50)" or "dose reducing dose by 50%" has been introduced. This value is
different for each plant species and an effective dose rate should be determined before commencing
mutation breeding trials.

According to Ahloowalia and Maluszynski (2001) in the development of direct mutant varieties, the most
common (89%) used metroid is induction of radiation mutation. Gamma rays (64%) are the most
commonly used source of radiation in mutagen applications, followed by X-rays (22%). The use of
chemical mutagens in breeding studies is rather limited.

Mou (2011) reported that mutations play an important role in genetic variation and in the cultivation of
plants. Many features such as stunting, early flowering, male infertility, chlorophyll deficiency are very
beneficial in physiological and genetic studies, with natural and induced mutations. Mutants are also used
to develop new types of lettuce, such as miniature and herbicide tolerant. Mutant analysis has a critical
prescription for lettuce genomic studies, such as identification and cloning of disease-resistance genes.
Mutagenesis can also provide the discovery of new gene alleles with genomic technology.

Ahloowalia (1998) reported that tissue culture allows for the handling of large populations for mutagenic
treatment, selection, and cloning of selected variants. It also offers the possibility to rapidly execute the
propagation cycles of subculture aimed to separate mutated from non-mutated sectors (dissolving a
chimera to obtain homo-histonts).

Somaclonal variation has led to the selection of several variants with increased resistance to pests,
diseases, and herbicides. Somaclonal variation frequency is determined by a number of factors, including
genotype, explant source, duration of culture, and medium composition. Callus cultures provide
significant advantages to reveal somaclonal variation in plant breeding studies. When mutagen treatments
are integrated, tissue culture techniques can be used to increase the genetic variation to higher
frequencies. Callus tissues may provide advantages for mutation applications in breeding studies of carrot
to be performed in vitro. For this, optimizing the plant regeneration system from callus is the first step
necessary. To obtain successful results, it is important to know the susceptibility of the selected variety
to mutations and, by determining the “Effective Mutation Dose” (EMDsy), to start the studies with the
correct irradiation dose for the genotype to be studied. In the first phase of the work we have planned to
create a new variation in the carrot calli with the method of mutation breeding; Effective Mutation Dose
(EMDs) was determined by determining the effects of different gamma ray doses applied to the carrot
callus tissues.

Materials and Methods

Carrot is a plant species which has quite high ability of somatic embryogenesis. In this research aimed at
establishing a basis for breeding purposes. Plantlets grown from genetically homogene seeds of Nantes
(Daucus carota) and a local black carrot genotype (Daucus carota ssp. sativus var. atrorubens alef)
which has grown in vitro were cultured in MS medium?®® containing different doses of 2, 4-D on aseptic
conditions. The formation of shoots was observed from callus tissues transplanted to 2,4-D and Kinetin
combinations. The calli obtained from the selected medium and explant source were irradiated with a
gamma irradiation device which is used in experimental irradiation with the Isotope brand, the Ob-Servo
Sanguis Co-60 Research Irradiator model (dose rate: 360 Gy / h); at Nuclear Research and Training
Center, Department of Technology (Figure 1.). For this aim, 0, 5, 10, 20, 30, 40, 50 and 60 Grays (Gy)
doses of Co® (gamma-rays) were applied to carrots calli as a physical mutagen of 30 callus pieces (each
1 g) per dose (Figure 2.). 4-5 weeks after irradiation, shoot development of callus were determined and
EMDs calculated by linear regression analyses. For the study, regeneration ability of non-irradiated
callus (control group) and the test group to which the specified beam dose is applied were compared.
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Figure 2. Regenerations from calli on different gamma-ray doses (Left column of petri dishes: Orange carrot
variety; Right column of petri dishes: Purple carrot variety)
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Results and Discussion

After irradiation at 8 different doses with Co60 gamma ray source, all irradiated callus tissues sub-
cultured to MS media®® which was without any plant hormones to obtain somatic embryos and plantlets.
Each petri had 1 gram 10 pieces of callus and all the plantlets from the calli were counted. For the study,
regeneration ability of non-irradiated callus (control group) and the test group to which the different
gamma ray dose was applied were compared. As can be seen from Table 1 as a result of the counting’s
made on the 30" day after irradiation, significant reductions in seedling numbers depending on the
increasing irradiation dose was observed. As a result of the research, it was determined that 8,36 Gy was
an effective mutation dose for purple carrot and 23,605 Gy for orange carrots due to the regression
analyses made from the 7 different doses applied to the calli irradiated at this dose could form plants with
a survival rate of 50%. It was obtained 7, 524 Gy lower and 9, 196 Gy upper doses for purple carrots;
21,2445 Gy lower and 25,3605 Gy upper doses for orange carrots. After irradiation at 7 different doses
with Co®® gamma ray source, plantlets regenerated from 30 calli of each dose were counted 30 days after
irradiation and obtained the plantlet rates. It has shown the plant regenerations on callus tissues at Figure
3. For purple carrots control (0 dose) had 17,66 plantlets rate and 5 Gy dose had 2,67 plantlets rate, 10
Gy dose had 1,06 plantlets rate. The plantlet rate of 20 Gy dose, 1,80, is an expected effect of a low dose
application which has been caused by the stimulating effect of germination or plant regeneration
(Anonymous,1977). The dose of 30 Gy or more there were no regeneration on the callus tissues of purple
carrot genotype. For orange carrots control (0 Gy dose) had 6,87 Gy plantlets rate and 5 Gy dose had
4,70 Gy dose had plantlets rate, 10 Gy dose had 2,67 plantlets rate. If the results of orange carrots are to
be examined, a case similar to that of the purple carrot genotype has emerged. The plantlet rate of 20 Gy
dose had 10,1 plantlets rate which was more than control and the other plantlet rate, is an expected effect
of a low dose application which has been caused by the stimulating effect of germination or plant
regeneration. At the dose of 30 Gy or more doses there were no regeneration on the callus tissues of
orange carrot species like purple carrot genotype. It was observed that for both carrot species the number
of regenerated plantlets numbers have decreased due to the increased radiation dose (Figure 4).

Table 1. Values in the plants obtained from irradiated calli at different doses

Irradiation doses Number of plantlets rates
Purple carrot Orange carrot
0 (control) 17,66 6,87
5 2,67 4,70
10 1,06 2,67
20 1,80 10,1
30 0 0
40 0 0
50 0 0
60 0 0
Regression Rate x=8,36 Gy x=23,605 Gy
According to Mean (Number of plantlets = (Number of plantlets =
plantlet number (-0,1683x) + 7,4218 dose, (-0,1201x) + 6,27 dose,
R?=1) R2=1)
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Figure 3. Regenerations from callus tissues belong to orange and purple carrots

20 -
15
&
i)
& 10 -
o
Y
o
g 5
o
£
S Y 2y ¥ 2w
Z 0 T T T T T T T T 1
0 5 10 20 30 40 50 60
Irridation doses (GY)

Figure 4. Relative rate of plantlet numbers with different gamma-ray doses
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The effect of irradiation on callus cultures is widely reported in other elite plant species. Venkateshwarlu
(2008) studied on lower doses of gamma rays (04 and 05 kRs) which enhanced the growth of callus in
Cucumis melo while higher doses (15 and 20 kRs) drastically reduced it. According to Chung et al (2006)
the gamma irradiation significantly stimulated the shikonin biosyn-thesis in Lithospermum erythrorhizon
cell cultures. Moreover, Wi et al?” observed that gamma irradiation remarkably increased the cerium
perhydroxide in different tissues of pumpkin. Similarly, El-Beltagi (2011) reported gamma irradiation
enhanced the production of antioxidant defense enzymes while reduced ascorbic acid, total soluble
protein, amino acids and sugars in callus cultures of Rosmarinus officinalis L. The effect of gamma
irradiation on callus biomass and biochemical parameters of Stevia rebaudiana Bertoni were reported by
Khalil et al (2015) which can be helpful for the establishment of cell suspension culture, and production
of bioactive compounds in bioreactors. Calli were transferred to fresh medium and exposed to various
gamma irradiations (5.0, 10, 15 and 20 Gy). It has been observed that the increasing doses of gamma
rays inhibited callus proliferation (88.61-79.16%) as compared to control (95.83%). Researchers like
Estramareix et al (1986) LoSchiavo et al (1989), Sung (1976) and Templeton-Somers et al (1981) have
studies on carrot mutagenesis and most of the changes were observed at the molecular or cellular levels
and not in whole plants. Al-Safadi and Simon (1996), exposed gamma radiation to carrot tissue cultures,
germinating seed, and dry seed for their investigation. Irradiation accelerated germination of carrot seed
in the M1 generation at low doses (0.5 and 1 krad), whereas higher doses delayed germination. A high
negative correlation was observed between dose and survival of plants after seed irradiation. Plant size
and root weight were 20 % to 35% greater than control plants after seeds, but not tissue cultures, were
exposed to low doses of gamma irradiation. Irradiation of germinating seed and tissue cultures yielded
more M2 variation than irradiation of dry seed. Based on the data obtained, EMDsp, and 10% lower and
upper values of this dose, may be used as an effective dose in mutation breeding studies for the variety
in order to create variability, resistance/tolerance to different biotic or abiotic stress factors.
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