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Gamma Radiation Effect
on Agrobacterium
tumefaciens-Mediated Gene
Transfer in Potato (Solanum
tubevosum L.)
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Burak Onol and Mustafa Yildiz

Abstract

Potato (Solanum tuberosum L.) is one of the major crops of the world. Significant
improvements can be achieved in terms of yield and quality by the determination of
efficient transformation methods. On the other hand, low transformation fre-
quency seriously limits the application of molecular techniques in obtaining trans-
genic crops. In the present study, the effect of gamma radiation on Agrobacterium
tumefaciens-mediated transformation to the potato was firstly investigated. Sterile
seedlings of potato cv. ‘Marabel, which was grown on Gamborg’s B5 medium in
Magenta vessels, were irradiated with different gamma radiation doses (0-control,
40, 80, 120 Gy *°Co). Stem parts having axillary meristems were excised from
irradiated seedlings and inoculated by A. tumefaciens (GV2260), which harbors
the binary plasmid p35S GUS-INT contains and GUS (p-glucuronidase) gene
controlled by 35S promoter (CaMV) and nptII (neomycin phosphotransferase II)
gene driven by NOS (nopaline synthase) promoter). Inoculated stem parts having
axillary meristems explants were then directly transported to a selection medium
containing duocid (500 mg 1), and kanamycin (100 mg1™"), 4 mg 1" gibberellic
acid, 1 mg 1" BAP and 0.1 mg "' NAA. The adult transgenic plants were detected by
polymerase chain reaction (PCR) analysis. According to the number of transgenic
plants determined by PCR analysis, results obtained from explants treated with
40 Gy gamma gave the best results compared to the control (0 Gy) application. The
doses over 40 Gy were also found statistically significant compared to the control
(0 Gy). Itis expected that the protocol described in this study make the transforma-
tion studies easier by skipping the stages of ‘co-cultivation), ‘culturing explants on
selection medium’ and ‘recovery of transgenic shoots on selection medium’ not only
for potato but also for other crop plants. This study was supported by a grant from
the Scientific and Technological Research Council of Turkey (TUBITAK) (Grant
number 1130280 to Prof. Dr. Mustafa YILDIZ).
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1. Introduction

Genetic transformation technologies developed with recombinant DNA technol-
ogy and in vitro regeneration methods are successfully used to overcome the species
differences and taxonomic obstacles encountered in traditional breeding programs.

Agrobacterium-mediated transformation method is the most proficient and com-
monly used plant transformation method among different gene transfer techniques.
However, there are a number of variables that affect the success of Agrobacterium-
mediated genetic transformation [1]. The success of genetic transfer efficiency
with A. tumefaciens depends on, Agrobacterium strain used, bacteria concentration,
antibiotic types and concentration used for iz vitro selection, inoculation time,
and temperature [2]. Besides, the type of the target plant, plant explants, hormone
combinations used in iz vitro regeneration, pH, etc., are among the factors affecting
the recovery of transgenic plants [3]. Increasing the transformation efficiency by
reducing the limiting factors in genetic transformation studies will significantly
contribute to the success rate [4].

Gamma radiation treatments are innovative biotechnological interventions used to
increase yield and quality. Gamma radiation technique is successfully applied in plant
breeding programs to increase genetic diversity and biotic/abiotic stress tolerance [5].
With the use of this method, thousands of mutant varieties have been obtained from
approximately 200 plant species [6]. Gamma radiation is considered a physical muta-
gen that has significant effects on cytological, biochemical, molecular, physiological
and morphological processes in plants [7-9]. The biological effect of gamma radiation
is due to its interaction with atoms and water molecules in the cell [10]. As a result of
the interaction of gamma rays with atoms, free radicals are produced at the cellular
level. These radicals affect physiological and metabolic activities in plants [11].

Low doses of gamma have positive effects on cell proliferation; cell and tissue
growth, germination percentage, enzyme activity, chlorophyll content, biotic and
abiotic stress tolerance and crop yield [12-15]. On the other hand, high doses of
gamma particles cause damage to protein synthesis, enzyme activity hormone bal-
ance, water exchange and leaf gas exchange [16].

The adverse effects of gamma rays are divided into two as direct and indirect.
While its direct impact is realized by the interaction between radiation and target
living molecules, its indirect effect arises from the formation of free radicals [17].
These free radicals are called radiation hormones and inhibit the growth of the
plant [18]. Besides, the effect of gamma-ray on the plant depends on the source
and dose of gamma radiation, exposure time, target plant species and variety, plant
tissue and the plant’s growth period [19].

New approaches are needed to increase the low success rate in genetic trans-
formation studies. The positive effect of a reduced dose of gamma radiation on
genetic transformation efficiency has been investigated in a few studies [4, 20].
Determining the effect of gamma radiation on genetic transformation frequency
in different plant species will contribute to genetic transformation and molecular
assisted cultivar development studies. This study was aimed to determine the effect
of gamma radiation to increase the genetic transformation frequency in potato and
to create a repeatable successful protocol.

2. Materials and methods
2.1 Plant material

Potato (S. tuberosum L.) tubers of cv. ‘Marabel’ were used in the study.
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2.2 Explant material

Stem parts having axillary meristems isolated from irradiated sterile seedlings
were used as explant (Figure1).

2.3 Radiation source

0.8 kGy h™ of ®°Co y ray source at the Saraykoy Nuclear Research and Training
Center, Turkish Atomic Energy Authority, Saraykoy, Ankara.

2.4 A. tumefaciens strain

The GV2260 including p35S GUS-INT plasmid of A. tumefaciens strain was
utilized for inoculation. The characteristic of p35S GUS-INT binary plasmid
described Yildiz et al. [20]. GV2260 strain (OD = 0.6) was incubated overnight in
aliquid medium (Nutrient Broth) including rifampicin (50 mg 1)) and kanamycin
(50 mg 1Y) in an incubator (rotary shaker) at 180 rpm under 28°C and used for
transformation studies.

2.5 Irradiation of seedlings

One-month-old sterile seedlings were irradiated with different doses (0-control,
40, 80 and 120 Gy) of ®°Co y source. Fricke and alanine dosimeters were used for
dose mapping and determination of dose rates of gamma source. Seedlings were
irradiated along with a dosimeter for each dose to be sure that ionization was
uniform.

2.6 Culture conditions

Seedlings were grown on the Gamborg’s B5 medium containing the mineral salts
and vitamins, sucrose (3%, w/v) and agar (0.7%, w/v). The pH of the medium was
adjusted to 5.8 before autoclaving. All cultures were grown at 25 + 1°C under cool
white fluorescent light (27 pmol m™ s™") with a 16/8 h day/night photoperiod in the
growth chamber.

2.7 Transformation procedure

A. tumefaciens GV2260 carrying p35S GUS-INT plasmid was incubated
overnight and diluted with a liquid medium to 1X10° cell/ml. Stem parts having
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Figure 1.
Stem parts having axillary meristems excised from irradiated sterile seedlings.



Solanum tuberosum - A Promising Crop for Starvation Problem

axillary meristems excised from irradiated sterile seedlings were inoculated in

a liquid regeneration medium containing 4 mg 1"* gibberellic acid, 1 mg 1" BAP
and 0.1 mg 1”1 NAA for 20 min. After inoculation, stem parts having axillary
meristems were directly transferred to selection medium bypassing co-culture
stage in Magenta vessels containing 4 mg 1" gibberellic acid, 1 mg 1"* BAP and
0.1 mg 1" NAA, supplemented with 100 mg 1" kanamycin and 500 mg 1" duocid
for 2 weeks.

2.8 Recovery of putative transgenic plants

Seedlings were planted to pots having commercial soil in a growth chamber
for 3 weeks where temperature (24 + 1°C), light (27 pmol m~s!) and humid-
ity were controlled. To keep the humidity high, the pots were covered with a
thin nylon transparent bag and placed in the growth chamber. The humidity
was gradually reduced by making small holes in the bags every 2-3 days. After
10 days, the bags were completely removed. By this way, humidity was reduced
gradually from 100-40%. Candidate transgenic plants were irrigated with 50 ml
water including kanamycin (100 mg1™) at 2 day-intervals during 14 days for
further selection.

2.9 gDNA (genomic DNA) extraction

The gDNA was extracted from fresh leaves of putative transgenic plants and
from control (non-transformed) plants with slight modification of the protocol
described by [21].

2.10 Polymerase chain reaction (PCR)

PCR amplification was performed to detect the npt-II gene with the follow-
ing designed specific primer sets Forward: 5-TTGCTCCTGCCGAGAAAG-3’
and Reverse: 5-GAAGGCGATAGAAGGCGA-3'. PCR amplification of the
chromosomal virulence gene (chv) was carried with the following primer
sets Forward: 5'-CGAACCGCTGTTCGGCCTGTGG-3" and Reverse:
5-GTTCAGGAGGCCGGCATCCTGG-3’ for determine of A. tumefaciens contami-
nation in putative transgenic plants.

The PCR was conducted in 2 pL containing 100 ng of DNA, 10 pmol of each
forward and reverse primers, 0.25 pM dNTP, 2 mM MgCl,, 1x PCR buffer, and
0.625 U of DreamTaq DNA polymerase enzyme (Thermo Scientific, Waltham,
Massachusetts, USA). The PCR was run with an initial denaturation of the DNA
template at 95°C for 5 min followed by 36 cycles, each consisting of 95°C for
1 min, 58°C for 1 min and 72°C for 1 min, and final extension at 72°C for 5 min in
a Prime G Gradient Thermal Cycler (Techne, Staffordshire, UK). Amplified PCR
products were electrophoresed on a 1% agarose in TAE (tris-acetate EDTA) buffer.
The bands were stained with ethidium bromide staining and visualized with
UV light.

2.11 Observations

Number of explants cultured on selection medium, number of plants grow-
ing on selection medium, number of putative transgenic plants transferred to
soil, number of PCR positive (+) plants, number of PCR (+) plants after chv gene
analysis and transformation efficiency were determined.
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2.12 Statistical analysis

Five replicates of rooted plants in the pots were tested and considered the units
of replication. One-way Analysis of Variance (ANOVA) was used to test the effect of
gamma radiation on gene transformation efficiency. All experiments were repeated
two times. Data were statistically analyzed by “IBM SPSS Statistics 22” computer
program. Duncan’s multiple range test was used to compare the means [22].

3. Results and discussion

Results of gene transformation to stem parts having axillary meristems of
irradiated seedlings were given in Table 1. In the current study, inoculation was
performed to 30 stem parts having axillary meristems at each of the gamma doses
(0-control, 40, 80 and 120 Gy). Only 14 plants were grown in control treatment
where gamma radiation was not applied. As the result of PCR analysis, band of npt-
IT gene was detected in only 5 putative transgenic plants. However, after chv gene
analysis, it was determined that none of 5 putative transgenic plants was real trans-
genic which meant band of npt-II gene detected in 5 putative transgenic plants came
from bacteria being on the plants in control treatment. In all gamma treatments,
increases were observed in the number of plants growing on selection medium. In
all the parameters examined, the highest values were recorded in plants grown from
stem parts having axillary meristems to which 40 Gy gamma dose was applied. At
40 Gy gamma dose, 28 out of 30 inoculated stem parts having axillary meristems of
irradiated seedlings were successfully grown in soil. Thirty three out of 28 putative
transgenic plants were found PCR(+) (Table 1, Figure 2). The presence of chv gene
was checked in 33 putative transgenic plants, and consequently, 28 plants were
confirmed as real transgenic without bacterial contamination. Transformation
efficiency was calculated as 100% (Table 1, Figure 3).

Results showed positive effects of gamma radiation on transformation at 40 Gy
as compared to control. Higher gamma doses over 40 Gy, transformation hindered
significantly. PCR analysis confirmed that 28 plants out of 33 were transgenic at
40 Gy gamma treatment (Table 1).

A. tumefaciens, a plant pathogen, is commonly used as a vector for genetic
transformation to plants [23, 24]. The genetic transformation prosperity of A. tume-

faciens method is limited in plant species largely, because the mechanism of plant’s
resistance will be active when pathogen attacks. That is why, genetic manipulations
of the plant, physical conditions and bacteria have been applied to increase the
virulence of bacteria and to increase the transformation efficiency [25, 26].

Before inoculation, pre-culturing explants [25, 27], alteration of temperature
[25, 28] and medium pH [28, 29], addition chemicals to inoculation medium such
as acetosyringone [25, 26, 28, 30-32], altering bacterial density and co-cultivation
time [27, 29, 31] and vacuum infiltration [33-35] have been reported to increase
transformation.

Possible molecular effects of gamma radiation in plants include activations of
RNA and protein synthesis, acceleration of cell division, and direct or indirect
activation of genes [36, 37]. Ionizing radiation causes a single strand break and
replication inhibition at high doses, while at low doses it causes only minor rep-
lication blockade [38]. Gamma radiation cause chromosome strand breaks and
consequently integration of genes transferred from extracellular to DNA. Kéhler et
al. [39] reported an increase in the frequency of transgenic plants regenerated from
protoplasts exposed to gamma radiation. It has been reported that this occurred as a



Gamma radiation dose (Gy) Number of stem Number of plants Number of putative Number of PCR Number of PCR(+) Transformation
parts cultured on growing on selection transgenic plants (+) plants plants after chv gene efficiency (%)’
selection medium medium transferred to soil analysis

0 30.00 14.00b 14.00 b 5.00c 0.00 ¢ 0.00d

40 30.00 28.00 a 28.00 a 33.00a 28.00 a 100.00 a

80 30.00 26.00 ab 26.00 ab 15.00b 14.00 b 53.85¢

120 30.00 25.00 ab 25.00 ab 1700 b 1700 b 68.00 b

Values in a column followed by different letters ave significantly different at the 0.01 level.
Transformation efficiency = (Number of PCR (+) plants after chv gene analysis/Number of putative transgenic plants transferred to soil) x 100.
The reason why number of PCR (+) plants is higher than number of putative transgenic plants transferved to soil at 40 Gy gamma treatment is the development of new shoots from buds on tuber.

Table 1.
Results of PCR analysis in plants grown from stem parts having axillary meristems of irvadiated seedlings inoculated by Agrobactevium tumefaciens.
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Figure 2.

PCR analysis of genomic DNA of putative transgenic plants grown from stem parts having axillary meristems
of irradiated seedlings for the amplification of npt-II gene. L-DNA ladder, + positive control, — negative
control. a. 0 Gy, b. 40 Gy, c. 80 Gy, d. 120 Gy.

result of the increased recombination mechanism in the irradiated cells, resulting in
an increased number of transformed colonies with high integration rates. Similarly,
in our study, the positive effect of low dose gamma dose on potato transformation
efficiency was determined. Another possible effect of gamma radiation on genetic
transformation efficiency may be related to the process of radiation of the target
plant. It was reported that protoplast radiation one hour before transformation
increased the success rate, whereas radiation performed one hour after transfor-
mation had no effect on the transformation efficiency [39]. In our study, gamma
irradiation was applied before the gene transfer stage. The results obtained from our
study coincide with the results stated above.

From the results of the current study, in the gene transformation to potato
stem parts having axillary meristems by A. tumefaciens, it was observed that 40 Gy
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Figure 3.

PCR analysis of genomic DNA of putative transgenic plants grown from stem parts having axillary mevistems
of irradiated seedlings for the amplification of chv gene. L-DNA ladder, + positive control, — negative control.
a. 40 Gy, b. 8o Gy, c. 120 Gy.

gamma dose significantly increased the transgenic plant frequency compared

to control in which no gamma was used. To our knowledge, this was the first
study revealing gene transformation to stem parts having axillary meristems via
A. tumefaciens in potato.



Gamma Radiation Effect on Agrobacterium tumefaciens-Mediated Gene Transfer in Potato...
DOI: http://dx.doi.org/10.5772/intechopen.99878

Author details

Murat Aycan', Muhammet Cagri Oguz’, Yasin Ozgen®, Burak Onol’
and Mustafa Yildiz**

1 Laboratory of Biochemistry, Faculty of Agriculture, Niigata University, Niigata,
Japan

2 Department of Field Crops, Graduate School of Natural and Applied Sciences,
Ankara University, Ankara, Turkey

3 Department of Field Crops, Faculty of Agriculture, Ankara University, Ankara,
Turkey

*Address all correspondence to: myildiz@ankara.edu.tr

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Solanum tuberosum - A Promising Crop for Starvation Problem

References

[1] Glirel S, Oguz MC, Turan F,

Kazan K, Ozmen CY, Giirel E, Ergiil A.
Utilization of sucrose during
cocultivation positively affects
Agrobacterium-mediated
transformation efficiency in sugar beet
(Beta vulgaris L.). Turk. J. Agric. For.
2019;43(6):509-517. DOI:10.3906/
tar-1812-90

[2] Pathi KM, Tula S, Tuteja N. High
frequency regeneration via direct
somatic embryogenesis and efficient
Agrobacterium-mediated genetic
transformation of tobacco. Plant Signal.
Behav. 2013;8(6):e24354. DOI:10.4161/
psb.24354

[3] Nofouzi F, Oguz MC, Khabbazi SD,
Ergiil A. Improvement of the in vitro
regeneration and Agrobacterium-
mediated genetic transformation of
Medicago sativa L. Turk. J. Agric. For.
2019;43(1):96-104. DOI: 10.3906/
tar-1804-52

[4] Yildiz M, Beyaz R. The effect of
gamma radiation on Agrobacterium
tumefaciens-mediated gene transfer in
durum wheat (Triticum durum Desf.).

Fresenius Environ. Bull.
2019;28:488-494

[5] Aly AA, Eliwa NE, Maraei RW.
Physiological and molecular studies on
ISSR in two wheat cultivars after
exposing to gamma radiation. Science
Asia. 2019;45:436-445.
DOI:10.2306/1513-1874.2019.45.436

[6] Sen A, Ozturk I, Yaycili O,
Alikamanoglu S. Drought tolerance in
irradiated wheat mutants studied by
genetic and biochemical markers. ]
Plant Growth Regul. 2017;36:669-679.
DOI:10.1007/s0034 4-017-9668-8

[7]1 Ashraf M, Cheema AA, Rashid M,
Qamar Z. Effect of gamma rays on M1
generation in Basmati rice. Pak. J. Bot.
2003;35:791-795

10

[8] Melki M, Dahmani T. Gamma
irradiation effects on durum wheat
(Triticum durum Desf.) under various

conditions. Pak. J. Biol. Sci.
2009;12:1531-1534

[9] Heidarieh M, Mirvaghefi A,
Akbari M, Farahmand H,
Sheikhzadeh N, Shahbazfar A,
Behgar M. Effect of dietary Ergosan on
growth performance, digestive
enzymes, intestinal histology,
hematological parameters and body
composition of rainbow trout
(Oncorhynchus mykiss). Fish Physiol.
Biochem. 2012;38:1169-1174.
DOI:10.1007/s10695-012-9602-8

[10] Kovécs E, Keresztes A. Effect of
gamma and UV-B/C radiation on plant
cells. Micron. 2002;33(2):199-210. DOI:
10.1016/S0968-4328(01)00012-9

[11] Borzouei A, Kafi M, Khazaei H,
Naseriyan B, Majdabadi A. Effects of
gamma radiation on germination and
physiological aspects of wheat (Triticum

aestivum L.) seedlings. Pak. J. Bot.
2010;42:2281-2290.

[12] Qi W, Zhang L, Wang L, Xu H,

Jin Q, Jiao Z. Pretreatment with low-
dose gamma irradiation enhances
tolerance to the stress of cadmium and
lead in Arabidopsis thaliana seedlings.
Ecotoxicol. Environ. Saf. 2015;115:243-
249. DOI: 10.1016/j.ecoenv.2015.02.026.

[13] Wang X, Ma R, Cui D, Cao Q,
Shan Z, Jiao Z. Physio-biochemical and
molecular mechanism underlying the
enhanced heavy metal tolerance in
highland barley seedlings pre-treated
with low-dose gamma irradiation. Sci.
Rep. 2017;7(1):1-14. DOI: DOI:10.1038/
s41598-017-14601-8.

[14] Gordeeva EI, Shoeva QY,

Yudina RS, Kukoeva TV, Khlestkina EK.
Effect of seed pre-sowing gamma-
irradiation treatment in bread wheat



Gamma Radiation Effect on Agrobacterium tumefaciens-Mediated Gene Transfer in Potato...

DOI: http://dx.doi.org/10.5772/intechopen.99878

lines differing by anthocyanin
pigmentation. Cereal Res. Commun.
2018;46(1):41-53. DOL:
10.1556/0806.45.2017.059.

[15] Beyaz R. Impact of gamma
irradiation pretreatment on the growth
of common vetch (Vicia sativa L.)
seedlings grown under salt and drought
stress. Int. J. Radiat. Biol.
2020;96(2):257-266. DOI:
10.1080/09553002.2020.1688885.

[16] Hameed A, Mahmud TS, Atta BM,
Haq MA, Sayed H. Gamma irradiation
effects on seed germination and growth,
protein content, peroxidase and
protease activity, lipid peroxidation in
desi and Kabuli chickpea. Pak. J. Bot.
2008;40:1033-1041.

[17] Esnault AM, Legue F, Chenal C.
Ionizing radiation: advances in plant
response. Environ. Exp. Bot.
20105;68:231-237. DOI: 10.1016/j.
envexpbot.2010.01.007.

[18] Macovei A, Garg B, Raikwar S,
Balestrazzi A, Carbonera D,

Buttafava A, Tuteja N. Synergistic
exposure of rice seeds to different doses
of y -ray and salinity stress resulted in
increased antioxidant enzyme activities
and gene-specific modulation of
TC-NER pathway. BioMed Res. Int.
2014;676934,15.
DOI:10.1155/2014/676934.

[19] Arena C, De Micco 'V, Macaeva E,
Quintens R. Space radiation effects on
plant and mammalian cells and
mammalian cells. Acta Astronaut.
2014;104:419-431. DOI:10.1016/j.
actaastro.2014.05.005

[20] Aycan M, Beyaz R, Bahadir A,
Yildiz M. The effect of magnetic field
strength on shoot regeneration and
Agrobacterium tumefaciens-mediated
gene transfer in flax (Linum
usitatissimum L.). Czech J. Genet. Plant
Breed., 2019;55:20-27.
DOI:10.17221/195/2017-CJGPB

11

[21] Dellaporta SL, Wood J, Hicks JB.
1983 A plant DNA miniprepration:
version II. Plant Mol. Biol. Rep.
1983;4:9-21.

[22] Snedecor GW, Cochran WG.
Statistical Methods. The Iowa State
University Press, lowa, USA, 1967.

[23] Zupan ], Muth TR, Draper O,
Zambryski P. The transfer of DNA
from Agrobacterium tumefaciens into
plants: a feast of fundamental insights.
Plant J. 2000;23:11-28. DOI:
10.1046/j.1365-313x.2000.00808.

[24] Joubert P, Beaupe ‘re D, Lelie vre P,
Wadouachi A, Sangwan RS,
Sangwan-Norreel BS. Effects of
phenolic compounds on Agrobacterium
vir genes and gene transfer induction. A
plausible molecular mechanism of
phenol binding protein activation. Plant
Sci. 2002;162:733-743. DOI:10.1016/
S0168-9452(02)00012-2.

[25] Chakrabarty R, Viswakarma N,
Bhat SR, Kirti PB, Singh BD, Chopra VL.
Agrobacterium-mediated
transformation of cauliflower:
optimization of protocol and
development of Bt-transgenic
cauliflower. | Biosci. 2002;27:495-502.
DOI:10.1007/bf02705046.

[26] Henzi MX, Christey MC,

McNeil DL. Factors that influence
Agrobacterium rhizogenesmediated
transformation of broccoli (Brassica
oleracea L. var. italica). Plant Cell Rep.
2000;19:994-999. DOI:10.1007/
s002990000221.

[27] Amoah BK, Wu H, Sparks C,
Jones HD. Factors influencing
Agrobacterium-mediated transient
expression of uidA in wheat
inflorescence tissue. J. Exp. Bot.
2001;52:1135-1142. DOI:10.1093/
jexbot/52.358.1135

[28] De Clercq J, Zambre M, Van
Montagu M, Dillen W, Angenon G.



Solanum tuberosum - A Promising Crop for Starvation Problem

An optimized Agrobacterium-mediated
transformation procedure for Phaseolus
acutifolius A. Gray. Plant Cell Rep.
2002;21:333-334. DOI:10.1007/
$00299-002-0518-0.

[29] Mondal TK, Bhattacharya A,
Ahuja PS, Chand PK. Transgenic tea
(Camellia sinensis [L.] O. Kuntze cv.
Kangra Jat) plants obtained by
Agrobacterium-mediated
transformation of somatic embryos.
Plant Cell Rep. 2001;20:712-720.
DOI:10.1007/s002990100382.

[30] Le VQ, Belles-Isles J,
Dusabenyagasani M, Tremblay FM. An
improved procedure for production of
white spruce (Picea glauca) transgenic
plants using Agrobacterium
tumefaciens. J. Exp. Bot. 2001;52:2089-
2095. DOI:10.1093/jexbot/52.364.2089.

[31] Lopez S], Kumar RR, Pius PK,
Muraleedharan N. Agrobacterium
tumefaciensmediated genetic
transformation in tea (Camellia sinensis

[L.] O.Kuntze). Plant Mol. Biol. Rep.
2004;22:201-202. DOI:10.1007/
BF02772730.

[32] Somleva MN, Tomaszewski Z,
Conger BV. Agrobacterium-mediated
transformation of switchgrass. Crop Sci.
2002;42:2080-2087. DOI:10.2135/
cropsci2002.2080

[33] Mahmoudian M, Yucel M,

Oktem HA. Transformation of lentil
(Lens culinaris M.) cotyledonary nodes
by vacuum infiltration of
Agrobacterium tumefaciens. Plant Mol.
Biol. Rep. 2002;20:251-257. DOI:10.1007/
BF02782460

[34] Wang WC, Menon G, Hansen G.
Development of a novel Agrobacterium-
mediated transformation method to
recover transgenic Brassica napus
plants. Plant Cell Rep. 2003;22:274-281.
DOI:10.1007/s00299-003-0691-9

12

[35] Spokevicius AV, Van Beveren K§,
Bossinger G. Agrobacterium-mediated
in vitro transformation of wood-
producing stem segments in eucalypts.
Plant Cell Rep. 2005;23:617-624.
DOI:10.1007/s00299-004-0856-1

(36] Kuzin AM, Vagabova ME, Revin AF.
Molecular mechanisms of the

stimulating action of ionizing radiation
on seeds part 2 activation of protein and

high molecular rna synthesis.
Radiobiology. 1976;16:259-261

[37] Kovalchuk I, Molinier J, Yao Y,
Arkhipov A, Kovalchuk O.
Transcriptome analysis reveals
fundamental diferences in plant
response to acute and chronic exposure
to ionizing radiation. Mutat. Res.
2007;624:101-113. DOI: 10.1016/j.
mrfmmm.2007.04.009

[38] Lavin M, Schroeder AL. Damage-
resistant DNA synthesis in eukaryotes.
Mutation Res. 1988;193:193-206

[39] Kohler F, Cardon G, P6hlman M,
Gill R, Schieder O. Enhancement of
transformation rates in higher plants by
low-dose irradiation: Are DNA repair
systems involved in the incorporation of
exogenous DNA into the plant genome?.
Plant Mol. Biol. 1989;12(2):189-199.



