
13

ARTICLE INFO

Article history:
Received June 5, 2025
Available June 26, 2025

Research Article

Keywords:
EMD50
in vitro mutation
Photinia fraseri
Red Robin

TJNS 38(1), 13- 19, 2025

ABSTRACT

Because of its beautiful qualities and ability to withstand harsh conditions, Fraser photinia (Photinia 
× fraseri cv. Red Robin) is frequently used as an ornamental plant in garden designs. The efforts to 
create new, highly marketable variations of the species have begun to increase in response to the 
growing ability of the current kinds to adapt to changing climatic circumstances. For this species, 
which is susceptible to in vitro propagation, the in vitro mutation breeding technique holds significant 
promise for increasing the current variety. It is essential to ascertain whether ionizing gamma ray 
sources are suitable for in vitro mutation investigations on Fraser photinia. To achieve this, in vitro 
shoot explants were exposed to a total of thirteen different radiation doses using 60Co (dosage rate: 
235 Gy/h) and 137Cs (dosage rate: 821 Gy/h) gamma ray sources. The number of leaves and shoot 
length in in vitro plantlets were assessed thirty days after irradiation, and linear regression analysis was 
used to get the effective mutation dose (EMD50) values. Based on the quantity of leaves, the EMD50 
for the 137Cs source ray application was 60.34 Gy, whereas the 60Co source resulted in an EMD50 of 
80.88 Gy. These findings demonstrated that the EMD50 difference was significantly impacted by the 
source power, irradiation duration, and the influence produced by the linear energy transfer value of 
the irradiation during tissue penetration.

1. Introduction

Plants are essential to landscape design for both 
functional and aesthetic reasons. The use of 
materials, particularly plant elements, has improved 
and diversified, and each section of the landscape 
design has been converted into areas that require 
specialization [1]. Because of the effects of climate 
change, the use of plant species that are not commonly 
found in the natural flora and are therefore not naturally 
grown in a region raises the value of landscaping [2, 
3]. However, the plants chosen for landscaping should 
also be able to adapt to the local climate.

The evergreen, attractive woody shrub Photinia × 
fraseri Dress. (Fraser photinia, Fraser’s photinia) is 
commonly planted in green spaces and can reach a 
height of three to five meters. This species, which is a 
member of the Rosaceae family, is a hybrid of Chinese 
Photinia serrulate and Japanese Photinia glabra. 
Photinia × fraseri is a popular hedge and decorative 
plant for parks, gardens, and roadside landscaping 
because of its striking leaf traits, colors, and quick 
growth. The leaves of this plant are either red (young 
leaves) or green (mature leaves). Because the young, 
bright red leaves contrast with the older, dark green 
ones, the perennial foliage is particularly stunning 
when it first sprouts [4]. Its perennial foliage is striking 
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throughout the sprouting process because of its vivid 
crimson-red color, and its oblong, flat, glossy leaves 
are tolerant to cold. Large white terminal clusters are 
produced throughout the spring flowering season 
[5]. In addition to being aesthetically beautiful, this 
hedging plant gives the garden texture and acts as a 
useful windbreak. Additionally, Photinia plants' vibrant 
red leaves and open growth attract birds and other 
wildlife, fostering a happy coexistence of nature and 
the garden [6].

Photinia × fraseri ‘Red Robin’ is the most popular 
cultivar [7]. The hybrid plant originated from Fraser 
Nursery in Alabama (hence its name), but the 'Red 
Robin' was later developed in New Zealand [8]. A 
notable characteristic of photinia 'Red Robin' is its eye-
catching leaves.

The evergreen shrub Photinia 'Red Robin', on the 
other hand, not only endures but flourishes in harsh 
environments. Because of its remarkable cold 
tolerance, Photinia 'Red Robin' is a great choice for 
areas with severe winters. The Red Robin cultivar, 
whose cold tolerance level is stated to be between 
-17.7 to -15.0 °C, can also be evaluated in different 
climatic conditions in urban planning as a plant with 
high temperature (+43.6 to +46.3 °C) [9]. Once 
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performed on large populations, in limited space, 
and at any time of the year. The chances of obtaining 
potent mutants are higher with in vitro mutagenesis. 
The main advantage of this method is that it avoids 
the formation of chimeras in M1V1. Large populations 
can be managed using tissue culture for mutagenesis 
treatment, selection, and cloning of specific mutants. 
It also enables quick subculture propagation cycles 
that separate mutated from non-mutated sectors [22]. 
Kane et al. [23], discussed the importance of mutation 
to produce phenotypic differences in Fraser photinia. 
They worked to develop an optimal propagation 
protocol in tissue culture to obtain a large number of 
plants for in vitro propagation of mutant plant material 
and selection.

When the studies on mutation breeding are evaluated in 
general, it is seen that ionizing radiation sources (such 
as gamma, X-ray, fast neutron, electron accelerator, 
and heavy ion sources) are used more heavily than 
chemical mutagens due to their ease of application 
[24]. Each ionizing radiation source is categorized 
by the Linear Energy Transfer (LET) value they have 
according to its ionization capacity [25]. Accordingly, 
60Co and 137Cs, which are gamma ray sources, are 
sources with low LET levels [26, 27].

In the first phase of our studies to obtain new mutant 
lines tolerant to high salinity and pH levels from 
Red Robin photinia, it was planned to create new 
variations in in vitro shoot culture using the gamma 
irradiation technique. If we compare gamma radiation 
sources in terms of safety in the event of a nuclear 
or possible radiological accident, 60Co sources have 
a lower risk of radiation pollution, contamination, and 
nuclear pollution compared to 137Cs. When the two 
sources are compared in terms of energy, the energy, 
aggressiveness, and dose rate of 60Co sources 
are higher than 137Cs. Before starting the mutation 
breeding study with either gamma sources or other 
ionizing radiation sources, it is necessary to determine 
the EMD50 specific to the genotype to be studied as a 
preliminary study for the creation of the main mutant 
population [28, 29].

In the study whose results are presented here, it was 
aimed to compare the effects of the source effect as a 
result of irradiating the in vitro shoots of the Fraser’s 
photinia cv. Red Robin with two different gamma ray 
sources, 60Co and 137Cs, which have different dose 
rates and energies, and to determine the EMD50 
according to both sources.

2. Materials and Methods 

2.1. Material

In vitro Red Robin photinia shoots obtained from 
a commercial nursery company producing Fraser 
photinia via tissue culture were used as material in the 
research.

established, it can endure dry spells without losing its 
aesthetic appeal. It can obtain moisture from deeper in 
the earth because of its extensive root system, which 
guarantees its survival during dry spells. Strong winds 
can make it difficult for plants to stay healthy and in 
shape. However, Photinia 'Red Robin' has exceptional 
wind resistance. It withstands wind effectively thanks 
to its strong branches and resilient leaves. As long as 
the soil drains properly, it can grow in a variety of soil 
types, including clayey, sandy, and loamy soils [10]. 
Improvement of clay soils with organic matter to allow 
roots to breathe and develop can be done by using 
organic matter such as biochar and barnyard manure 
or inorganic matter such as sand that lightens the soil 
structure. Although Red Robin photinia is quite tolerant 
to adverse environmental conditions, it is particularly 
sensitive to alkaline soils with high pH [7, 11] or high 
salinity conditions [12, 13].

While intensive research focuses on field crops and 
vegetables; breeding programs for ornamental plants, 
especially perennial plants, remain limited. The basis 
of plant breeding is the presence of genetic variation 
in the plant material under study. This variation 
can be obtained by selection, hybridization, and                                                    
techniques from natural populations. According to the 
study by Özel et al. [14], “ortet selection” can boost 
Fraser photinia seedling performance many times. 
This study shows that genetic variation exists in the 
photinia species. The producers' profit rate will rise 
significantly if the fastest-growing ortets are chosen for 
the seedlings grown for landscaping since they will be 
able to reach a marketable size more quickly.

Studies mainly carried out in the last 50 years have 
shown that, especially in self-pollinating plants, genetic 
mutations confer significantly higher benefits in the 
development of traits than those governed by single 
genes and showing simple inheritance as reported by 
Anonymous [15], Waycott et al. [16], and Sağel et al. 
[17]. Abiotic stress tolerance, early, everlasting, and 
abundant flowering, altered photoperiodic response, 
and enhanced disease resistance are among the 
physiological properties that have been successfully 
mutated. Conventional breeding has contributed 
greatly to improving brush traits, but mutation breeding 
may provide an important complementary technique 
for improving stress tolerance and productivity. When 
combined with in vitro procedures, mutation induction 
and desired trait selection provide several benefits 
over traditional approaches [18].

Schum [19] reported that the use of gamma radiation 
in the use of physical mutagens is easy to use, highly 
permanent, accessible to target cells, and has an 
absence of toxic effects and damage. According 
to Maliga [20] and Ahloowalia [21], in vitro methods 
allow cells to be uniformly treated with physical and 
chemical mutagens and grown in homogeneous 
medium. In vitro cultures offer significant advantages 
for identifying somaclonal variation in plant breeding 
studies. In vitro mutagenesis experiments can be 
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2.2. Methods

2.2.1. Plant culture conditions and multiplication 
of shoots

In this study, explants taken from stock cultures 
available in our laboratory were used. Therefore, 
no pre-sterilization process was performed on the 
explants. Main and lateral shoots were cut into nodal 
segments of similar size (7-8 mm). First proliferation 
media prepeared according to Larraburu et al. [30], the 
basic culture medium (BM) included 0.7% agar, 100 
mgl−1 myoinositol, B5 vitamins [31], 3% sucrose, and 
Murashige and Skoog (MS) salts [32]. After bringing 
the pH down to 5.8, it was autoclaved for 20 minutes at 
121°C. Explants transferred to 660 ml flasks with 50 ml 
of medium, supplemented with 2.2 µM BA and 0.5 µM 
IBA concentration. The cultures were incubated under 
LED illumination (55 µmol m−2 s−1) with a 16-hour 
photoperiod at 24 ± 2 °C and 55-60% relative humidity 
in a growth chamber. Shoot pieces of approximately 2 
cm in length with a node on them were propagated in 
proliferation medium. Red Robin shoots that were sub-
cultured 4 times, every four weeks, were transferred to 
MS [32] medium explained below.

2.2.2.	 Determination	of	Effective	Mutation	Dose

Two cm-long photinia shoots were cultured in vitro 
in the nutrient medium, and they were irradiated in 
eleven different doses (0, 10, 20, 30, 40, 50, 60, 70, 
90, 110, and 130 Gy) with 60Co (dose rate: 235 Gy/h) 
and 137Cs (dose rate: 821 Gy/h) gamma ray sources 
within the Nuclear Energy Research Institute of the 
Turkish Energy Nuclear and Mineral Research Agency 
(TENMAK-NÜKEN) (Figure 1).

before, irradiation was also performed with doses up 
to 130 Gy in 20 Gy increments after the 70 Gy dose. 
For each gamma ray and treatment dose, 30 in vitro 
shoots were used in three replication (each replication 
has 10 explants). The shoots were placed in sterilized 
nutrient hormone free MS media in autoclavable plastic 
bags to ensure that they fit easily into the irradiators 
(Fig. 2a). After irradiation, all explants were rapidly 
transferred to the fresh proliferation medium. This step 
aimed to protect the explants from the toxic effects 
of radicals expected to be formed during irradiation. 
The cultures were incubated in the controlled climatic 
room at 24 ± 2 °C (Fig. 2b). On the 30th day following 
irradiation, the shoot length and number of leaves 
were determined according to doses. Physical effects, 
including damage such as yellowing, darkening, and 
shoot death, caused by radiation application were 
also observed in explants during the period following 
irradiation.

Figure 1. 137Cs Research Irradiator (a); Ob-Servo Sanguis 
60Co Research Irradiator model (b).

Figure 2. In vitro photinia shoots prepared for irradiation 
treatments (a); Incubation of photinia cultures after irradiation 
(b).

As a general approach for in vitro explants, irradiation 
doses between 0 and 100 Gy are preferred [17]. 
However, in order to determine the dose response 
of the current genotype, which has not been studied 

The shoot length and number of leaves data obtained 
after irradiation from both ionizing radiation sources 
were subjected to linear regression analysis to 
determine the EMD50 of the plant sample. EMD50 is 
calculated through the use of linear regression analysis 
by the Microsoft Excel software program [33]. In linear 
regression analysis, data were analyzed within a 0,95 
confidence limit.

3. Results and Discussion

After irradiation at eleven different doses (control 
included) with 60Co and 137Cs gamma ray sources, all 
irradiated shoot tissues were sub-cultured to the fresh 
proliferation media to obtain shoot length evaluation 
and new leaves.

(a)

(b)

(a)

(b)
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The study compared the shoot length and number of 
leaves of the test group, which received varying doses 
of gamma rays in both gamma ray sources, with non-
irradiated non-irradiated shoots (control group). After 
irradiation at thirteen different doses with 60Co and 
137Cs gamma ray sources, young leaves developed 
and shoot growth obtained from 30 shoots of each 
dose were counted 30 days after irradiation. Figure 
3 shows the growth and development of irradiated 
photinia shoots. As a result of the observations, 
it was observed that the physical damage in the 
explants irradiated with the 137Cs irradiation source 
was less than that of the 60Co gamma source. In the 
137Cs source, a decreasing trend in leaf number was 
observed after 50 Gy application. According to Figure 
4, which shows the results of the counting conducted 
on the 30th day following irradiation, there were notable 
decreases in the number of leaves as the irradiation 
dose increased.

Figure 3. in vitro Fraser’s photinia shoots developed under 
different irradiation treatments

This decreasing trend in shoot length was evident after 
a 60 Gy dose of the 137Cs source. On the other hand, it 
was determined that the shoot length and leaf number 
values of the explants continued, albeit decreasingly, 
including the 130 Gy dose of the 60Co source (Table 1). 
It was determined that there was a serious growth and 
development retardation with the 80 Gy application of 
the 60Co source. However, it is observed in Figure 4 
that the stable retardation in the cesium source could 
not be provided in the cobalt source. The regression 
analysis result performed with the data obtained as a 
result of irradiation with the gamma source is given in 
the formula (For 1.) below. In this formula, y represents 

the 50% value of the leaf number and shoot length 
obtained in the 0 Gy application, which is the control, 
while the value defined as x defines the EMD50. Since 
the r2 values of the average shoot values obtained after 
irradiation with both ionizing radiation sources were 
obtained below the acceptance limit of 0.74, the EMD50 
calculation was determined based on the number of 
leaves that are important for this cultivar. Accordingly, 
the EMD50 was determined as 60.34 Gy as a result of 
137Cs (For 1). However, after being exposed to the 60Co 
source, the EMD50 changed to 80.88 Gy (For 2.).

y = -0,0619x + 10,22 For 1.
y = -0,0602x + 11,354 For 2.

Today, studies on mutation breeding are carried out 
in many species around the world using different 
irradiation sources (low and high energy) [34]. 
Factors such as the type of biological material used 

Figure 4. Graphs of leaf numbers of explants irradiated with 
two different gamma sources according to doses

Table 1. Shoot length and leaf number of photinia explants ir-
radiated with two different gamma sources according to doses

60Co 137Cs

Dose 
(Gy)

Mean 
shoot 
length 
(cm)

Mean 
leaf 

number

Dose 
(Gy)

Mean 
shoot 
length 
(cm)

Mean 
leaf 

number

0 1.80 12.97 0 1.8 12.97
10 1.11 9.30 10 infected Infected
20 1.57 13.00 20 1.24 8.87
30 1.66 8.13 30 1.29 7.43
40 1.54 7.70 40 1.01 3.43
50 1.41 8.57 50 1.56 4.53
60 1.17 6.87 60 1.48 6.57
70 1.16 6.43 70 1.32 4.67
90 1.02 4.90 90 1.05 8.60
110 1.07 6.30 110 1.21 4.63
130 1.07 4.00 130 1.05 3.00

(p value was 0,006 both cobalt and cesium sources, Sx cobalt: 1,54; Sx 
cesium: 1,77)
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in the study (seed, in vitro explant, cutting, etc.) and, 
its water content, the LET value of the source to be 
irradiated, the physical and chemical effects created 
by the radiation source the half-life of the source used 
in irradiation and its dose rate and the oxygen level 
of the environment during application are important 
[26]. When the obtained findings are evaluated, the 
first parameter that comes to the fore is the dose rate 
of the source. Because the 137Cs source has a higher 
dose rate (820 Gy/h). Although its penetration into the 
tissue during irradiation seems lower than the 60Co 
source. An effective dose distribution in a short time 
has been provided in line with the EMD50 obtained 
for the explants. The exposed dose rate of the 60Co 
source is 232 Gy/h, but the irradiation time is longer 
when compared to the 137Cs source and therefore, 
especially for in vitro material the formation of free 
radicals in the nutrient medium is accelerated and the 
amount of oxygen decreases accordingly, and it is 
possible to create different effects on the explants [35, 
36]. Similar effects and findings have been revealed 
in studies conducted by different researchers [26, 27, 
36, 37].

Conclusions

In vitro mutation breeding studies continue to be 
widely used to increase the gene pool and shorten the 
breeding period. In this study, in vitro shoot explants 
of Red Robin photinia were used. In order to conduct 
mutation breeding studies with a mutant population 
with a wide variation, the EMD50 should be determined 
according to the genotype, explant type, and mutagen 
source to be used in mutation induction. As a result of 
the irradiation of in vitro shoot explants with 60Co and 
137Cs gamma radiation, differences in absorbed doses 
were revealed due to source power, linear energy 
transfer values, and irradiation duration. Accordingly, 
the EMD50 dose limits that should be applied for the 
creation of an effective in vitro mutant population are;

• For the 60Co source, the EMD50 is 80.88 Gy; the 10% 
lower and upper limits of this dose are determined 
as ~73 - 89 Gy. 

• For the 137Cs source, the EMD50 is 60.34 Gy; the 10% 
lower and upper limits of this dose are determined as 
~54 - 66 Gy.

The number of leaves was found to be an appropriate 
parameter in determining the EMD50, but the shoot 
length did not give the expected critical value depending 
on the explant type and genotype response. In this 
study, the EMD50 in two different gamma radiation 
sources differed. The difference between the dose rate 
of the sources and the irradiation time of the samples 
depending on this dose rate, was observed clearly 
in terms of leaf numbers and shoot lengths. Thus, 
the importance of determining the EMD50 using the 
appropriate evaluation parameter in in vitro mutation 
breeding studies and the need for dose planning 
accordingly were revealed. It is expected that low-
energy ionized sources, such as electrically activated 

X-rays and electron accelerators, will replace gamma 
sources, especially in the next decade. It is important 
to start mutation breeding studies by knowing the effect 
mechanisms of these sources to obtain successful 
results.

Author Contributions Statement

Dr. Onur Sinan Türkmen: Project design, experimental 
work, manuscript writing.
Dr. Kadriye Yaprak Kantoğlu: Project design, irradiation, 
analysis of experimental work data, manuscript editing.
Prof. Dr. Şeküre Şebnem Ellialtıoğlu: Project design, 
manuscript editing. 

Acknowledgments

This research was supported by the Margeht 
Biotechnology Llc. Co. The authors express their 
sincere gratitude to the TENMAK NÜKEN for irradiation 
treatment.

References

[1] Guney, K., Cetin, M., Sevik, H., Guney, K. B. (2016). 
Influence of germination percentage and morphological 
properties of some hormones practice on Lilium 
martagon L. seeds. Oxidation Communications 39(1): 
466-474.

[2] Ayan, S., Sarsekova, D., Kenesaryuly, G., Yilmaz, E., 
Gülseven, O., Şahin, I. (2021). Accumulation of heavy 
metal pollution caused by traffic in forest trees in the 
park of Kerey and Janibek Khans of the city of Nur-
Sultan, Kazakhstan. Journal of Forest Science 67(7): 
357-366. https://doi.org/10.17221/37/2021-JFS.

[3] Laaribya, S., Alaoui, A., Ayan, S., Dindaroglu, T. (2023). 
Changes in the potential distribution of Atlas cedar in 
Morocco in the twenty-first century according to the 
emission scenarios of RCP 4,5 and RCP 8,5. Forestist 
74(3): 1-10.

[4] Bonaminio, V. P., Blazich, F. A. (1983). Response of 
Fraser’s photinia stem cuttings to selected rooting 
compounds. Journal of Environmental Horticulture 1(1): 
9-11. https://doi.org/10.24266/0738-2898-1.1.9.

[5] Brickell, C. (1996). Enciclopedia de Plantas y Flores. 
Royal Horticultural Society, Grijalbo Mondadori, Verona, 
Italy, p.566. 

[6] Anonymous (2024a). Photinia Red Robin Hedge 
Plants. https://www.hedgingplantsdirect.co.uk/ (access 
date: October 2024).

[7] Anonymous (2024b). Introducing...Photinia. Common 
name: Christmas berry, red robin. https://www.rhs.org.
uk/plants/photinia. (access date: October 2024).

[8] Anonymous (2024f). Photinia × fraseri “Red 
Robin.” (n.d.). Missouri Botanical Garden. (https://
www.missouribotanicalgarden.org/PlantFinder/
PlantFinderDetails.aspx?taxonid=271346). (access 
date: October 2024).

[9] Anonymous (2024d). Photinia fraseri red robin wall 



18

(ROSACEAE) Çit formlu alev çalısı. https://katalog.
smsmarmaragroup.com/photinia-fraseri-red-robin-wall-
rosaceae/cit-formlu-alev-calisi. (access date: October 
2024).

[10] Anonymous (2024c). Thriving in the Elements: 
Choosing Photinia ‘Red Robin’ for Extreme Climates. 
https://duskhedges.co.nz/test-post-2/ (access date: 
October 2024).

[11] Anonymous (2024e). Photinia ‘Red Robin’ - How To 
Grow This Extremely Popular, Glossy-Leaved Cultivar? 
Horticulture Magazine, https://horticulture.co.uk/
photinia-red-robin/ (access date: October 2024).

[12] Tosca, A., Valagussa, M., Martinetti, L., Frangi, P. 
(2021). Biochar and green compost as peat alternatives 
in the cultivation of photinia and olive tree. Acta 
Horticulturae 1305: 257-262 https://doi.org/10.17660/
ActaHortic.2021.1305.35.

[13] Anonymous (2024g). Best Soil for Your Red Tip 
Photinia. https://greg.app/red-tip-photinia-soil/ (access 
date: October 2024).

[14] Özel, H. B., Yücedağ, C., Ayan, S. (2023). Growth 
performances of Photinia × fraseri Dress. seedlings from 
cuttings of five ortets in different districts. SilvaWorld, 
2(2), 60-65. https://doi.org/10.61326/silvaworld.v2i2.23.

[15] Anonymous (1977). Manual on Mutation Breeding. 
International Atomic Energy Agency, Technical Report 
Series No:119. Vienna, 290p.

[16] Waycott, W., Fort, S. B. T., Ryder, E. J. (1995). 
Inheritance of dwarfing genes in Lactuca sativa L. 
Journal of Heredity 86(1): 39-44.

[17] Sağel, Z., Peşkircioğlu, H., Tutluer, I., Uslu, N., Senay, 
A., Taner, K. Y., Kunter, B., Sekerci, S., Yalcin, S. (2002). 
Bitki Islahında Mutasyon ve Doku Kültürü Teknikleri, III: 
Ulusal Mutasyon Kursu Kurs Notları, TAEK, ANTHAM 
Nükleer Tarım Radyobiyoloji Bölümü, Ankara (in 
Turkish).

[18] Çakın, I., Kunter, B., Kantoglu, K. Y., Göktuğ, A., Akyüz 
Çağdaş, E., Ellialtıoğlu, Ş. Ş. (2025). In vitro mutasyon 
islahı çalışmalarına yönelik olarak farklı gama işını 
kaynaklarının kalanşo (Kalanchoe blossfeldiana 
Poelnn.) Yaprak ayası eksplantı üzerine etkilerinin 
karşılaştırılması. Bahçe, 54(Özel Sayı 1), 312-318. 
https://doi.org/10.53471/bahce.1539465

[19] Schum, A. (2003). Mutation Breeding in Ornamentals: 
An Efficient Breeding Method. Proj., 21st IS on Classical 
Molecular Breeding (Ed. G. Forkmann et al.), Acta. 
Hort. 612: 47-53.

[20] Maliga, P. (1984). Isolation and characterization of 
mutants in plant cell cultures. Annual Review of Plant 
Physiology 35: 519-552.

[21] Ahloowalia, B. S. (1995). In vitro mutagenesis for the 
improvement of vegetatively propagated plants. In: 
Induced Mutations and Molecular Techniques for Crop 
Improvement, Proceedings of IAEA/FAO Symposium. 
Vienna 19-23 June 1995, pp 531-541.

[22] Ahloowalia B. S., Maluszynski M. (2001). Induced 
Mutations- A new paradigm in plant breeding. Euphytica 
118: 167-173.

[23] Kane, M. E., Sheehan, T. J., Philman, N. L. (1988). 
A micropropagation protocol using Fraser photinia 
for mutation induction and new cultivar selection. 
Proceedings of the Florida State Horticultural Society 
100:334-337. (https://www.cabidigitallibrary.org/doi/
full/10.5555/19890354891). 

[24] MVD (2024). Mutant Variety database. https://nucleus.
iaea.org/sites/mvd/SitePages/Search.aspx (access 
date: May 2024).

[25] Farkash, E. A., Kao, G. D., Horman, S. R., Prak, E. T. 
L. (2006). Gamma irradiation increases endonuclease-
dependent L1 retrotranspositions in a cultured cell 
assay. Nucleic Acids Research 33(4): 1196-1204.

[26] Lagoda, P., Shu, Q., Foster, B., Nakagawa, H., 
Nakagawa, H. (2012). Effects of radiation on living cells 
and plant. Plant Mutation Breeding and Biotechnology. 
CABI Publishing, Wallinford, 123-124.

[27] Spencer-Lopes, M. M., Foster, B. P., Jankuloski, L. 
(2018). Manual on mutation breeding third edition. FAO 
Publishing, Italy, 301 pp.

[28] Turan Büyükdinç, D., Kantoğlu, K. Y., Karataş, A., İpek, 
A., Ellialtıoğlu, Ş. Ş. (2019). determination of effective 
mutagen dose for carrot (Daucus carota ssp. sativus 
var. atrorubens Alef and D. carota) callus cultures. 
International Journal of Scientific and Technological 
Research 5 (3): 15-23. https://doi.org/10.7176/
JSTR/5-3-02.

[29] Kantoglu, K. Y., Sarıtoprak, O., Akyüz Çağdaş, E., 
Okutan, E., Aktaş, H., Ellialtıoğlu, Ş. Ş. (2024). 
Kalanşoda (Kalanchoe blossfeldiana Poelnn.) in vitro 
mutasyon ıslahı. Düzce Üniversitesi Orman Fakültesi 
Ormancılık Dergisi, 20(Özel Sayı), 31-43. https://doi.
org/10.58816/duzceod.1537178

[30] Larraburu, E. E., Carletti, S. M., Rodríguez Cáceres, E. 
A., Llorente, B. E. (2007). Micropropagation of photinia 
employing rhizobacteria to promote root development. 
Plant Cell Rep. Jun;26(6):711-7. doi: 10.1007/s00299-
006-0279-2. Epub 2007 Jan 5. PMID: 17205338.

[31] Gamborg, O. L., Miller, R. A., Ojima, K. (1968). Nutrient 
requirements of suspension cultures of soybean 
root cells. Exp Cell Res 50:151- 158. https://doi.
org/10.1016/0014-4827(68)90403-5.

[32] Murashige, T., Skoog, F. (1962). A revised medium for 
rapid growth and bioassay with tobacco tissue cultures, 
Physiol. Plant, 15: 473- 497.

[33] Haspolat, G. (2022). Induction of mutagenesis on 
Chrysanthemums. Ornamental Horticult. 28(4): 431-
441. https://doi.org/10.1590/2447-536X.v28i4.2523.

[34] Melsen, K., van de Wouw, M., Contreras, R. (2021). 
Mutation breeding in ornamentals. HortScience 56(10): 
1154-1165. 2021. 

[35] Micke, A., Donini, B. (1993). Induced mutations. Eds. 
M.D., Hayward, N., O., Bosemark, I., Romagosa. Plant 
Breeding, Principles and Prospects, Chapman & Hall, 
London. p52-62.

[36] Mba, C., Afza, R., Shu, Q., Shu, Q., Foster, B., 
Nakagowa, H. (2012). Mutagenic radiation: X-ray, 
ionizing particles and ultraviolet. Plant Mutation 

Türkmen O. S. et. al. / TJNS 38(1), 13 - 19, 2025



19

Breeding and Biotechnology. CABI, Oxfordshire, UK. 
83-90.

[37] Leonard, A., Jacquet, P., Lauwerys, R. (1983). 
Mutagenicity and teratogenicity of mercury compounds. 
Mutation Research/Reviews in Genetic Toxicology 
11(4): 1-18.

Türkmen O. S. et. al. / TJNS 38(1), 13 - 19, 2025


