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Wheat is one of three most important cereals worldwide. Its production rises every year. There is a possibility to improve 
quantitative and qualitative parameters by biolistic method of transformation. The process of introduction of desired gene 
into the wheat genome and plant regeneration is affected by many factors. To identify the suitable conditions, selection 
system, the influence of donor, plant environment and the regeneration capacity of wheat genotypes were tested. The scutella 
of immature embryos served as the initial explants. Plant regeneration was achieved by 6 out of 11 genotypes tested. The 
highest values were reached by the cultivar Ilias. The effect of donor, plant environment was evaluated by two genotypes. 
Plants from growth chamber appeared to be better source of explants compared to plants grown in the natural conditions. 
The selection system was optimized as follows: regeneration medium in the dark and subsequently in photoperiod conditions 
(DR) with 5 mg/l of phosphinotricin (PPT), shoot induction medium (DS) with 7 mg/l of PPT.  
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Wheat belongs to the most important cereals. As 
a leading breadmaking crop, it is the primary source 
of human nutrition. To improve yield and nutritional 
value, there is a possibility of quantitative or qua-
litative trait modification. The methods of genetic 
property modification are presented by the classical 
and mutation breeding or genetic transformation. 
Since the possibilities of classical breeding methods 
are limited and the process is time consuming, ge-
netic transformations offer an interesting and used 
alternative for the agricultural crops. Despite its 
agronomical importance, wheat belongs to the last 
successfully transformed cereals (Vasil et al. 1992). 
The current successes with the wheat genetic mo-
dification include the improvement of breadmaking 
quality, production traits, photosynthesis efficiency, 
resistance to abiotic or biotic stress (Kasirajan et al. 

2014; Abouseadaa et al. 2015; Bruce et al. 2015). 
In spite of many results were reached, the genetic 
modification of wheat is not a routine method. The 
progress still lags behind the other cereals due to the 
difficulties associated with gene delivery and trans- 
genic plant recovery (He et al. 2015). 

In wheat, microprojectile bombardment is more 
effective transformation method compared to DNA 
transfer via Agrobacterium tumefaciens (Li et al. 
2012). The advantages of Agrobacterium-mediated 
transformation are the efficiency, cost-effectivness 
and the incorporation of low-copy number of the 
transgene, but some species are recalcitrant to this 
method. Microprojectile bombardment is relatively 
genotype-independent and is applicable to a large 
number of target tissues. The principle is the utiliza-
tion of large acceleration of the microparticles coa-
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ted with DNA to transfer it to the target tissue.
Genetic modification is dependent on the rege-

neration of fertile plants of given species in in vitro 
culture. Wheat belongs to the plant species rather re-
calcitrant to in vitro regeneration. Genotype has the 
main impact on the regeneration ability (Varshney 
& Altpeter 2001; Shah et al. 2009). Although the 
model genotypes, without any prospect of practical 
application, are used for transformation prevail- 
ingly, there is a tendency to introduce the transgene 
into agronomically acceptable cultivars (Greer et al. 
2009; Zhang et al. 2015). Wheat regenerants were 
obtained from various types of the explants: imma-
ture inflorescences, coleoptiles, apical meristems, 
leaf bases, microspores, anthers, embryos. The best 
regeneration capacity is proved by immature em-
bryos and they are the most frequently used type of 
explant (Tamás et al. 2004). Also, a strong depen-
dence on the growth conditions of the explant donor 
plants was described (Pastori et al. 2001; Wang et 
al. 2014). In an effort to ensure efficient regenera-
tion, different culture media, individual components 
and growth regulators were tested. 

One of the critical factors of an efficient transfor-
mation is to provide the selection system that allows 

the division of only transformed cells and the gene-
ration of regenerative structures. The type, concen-
tration and the length of selection agent treatment 
are questionable depending on the species/genotype 
transformed. In wheat, the introduction of bar gene 
is commonly used for the selection of transformed 
tissues. 

The aim of work was to test the regeneration ca-
pacity of selected wheat genotypes, to evaluate the 
effect of donor plant environment and to optimize 
the selection system to identify the suitable condi-
tions for wheat transformation. 

Wheat plants of the model genotype Bobwhite, 
responsible cultivar CY-45 and Slovak cultivars 
Ilias, Ilona, Torysa, Venistar, Madejka, Viglanka, PS 
Pintta, IS Karpatia, Astella were grown in field or 
controlled (growth chamber) conditions. Immatu-
re caryopses were surface-sterilized, scutella were 
aseptically isolated and preconditioned on the callus 
induction medium (DC): MS salts + myo-inositol 
100 mg/l + thiamin 1 mg/l + sucrose 30 g/l + ger-
lite 2.8 g/l supplemented with 2 mg/l of 2,4-dich-
lorophenoxyacetic acid (Gubišová et al. 2011) in 
the dark, at 25°C, for 2 weeks. Subsequently, the 
immature scutella were plated onto the regenera-

T  a  b  l  e   1

The regeneration of 11 wheat cultivars (various letters indicate the statistically significant difference detected by the LSD 
test, α = 0.05)

Cultivar Callogenesis [%] Regeneration [%] Efficiency [R/ep*] 

Ilias 99.1a 78.3a 7.09a 

Ilona 19.2d 0d 0c 

IS Karpatia 25.0d 0d 0c 

Madejka 98.3a  15.8b,c 0.64c 

PS Pintta 64.1b 0d 0c 

Torysa 36.6c,d 0d 0c 

Venistar 100a 0d 0c 

Viglanka 99.0a  16.0b,c 0.61c 

Astella 73.3b 0.8d 0.01c 

Bobwhite 54.1b,c 14.1c 1.63b 

CY-45 100a 20.8b 1.49b 
*R/ep: number of regenerants per explant plated 
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tion medium (DR): DC medium supplemented with  
2.5 mg/l of CuSO4.5 H2O and cultivated 2 weeks 
in the dark. To promote regeneration, the calli were 
exposed to 16/8 h photoperiod with light intensity  
50 μmol/m2/s and temperature regime 25/20°C. Af-
ter 2 weeks explants were transferred onto the shoot 
induction medium (DS): DC medium without 2,4-D. 
To optimize the selection system, various concen-
trations of phosphinothricin (PPT) were added to 
the DR and DS culture media (5, 7 or 10 mg/l). The 
regeneration frequency was evaluated after 2, 4 and 
6 weeks of cultivation on the selection media.  

The frequency of callogenesis, regeneration [%] 
and efficiency of regeneration (represented by the 
number of regenerants per embryo plated) were eva-
luated. Data were processed by one-way analysis of 
variance (ANOVA) followed by LSD test (α = 0.05). 

Immature scutella of eleven wheat cultivars were 
screened for their regeneration ability. All geno-
types tested were able to produce callus, but with 
a significantly different frequency (Table 1). The 
lowest production was recorded by genotype Ilona 
(19.2%), the high values by Ilias, Madejka, Viglan-
ka and 100% by Venistar and CY-45. The number of 
wheat genotypes used for genetic transformation is 
limited, with most of it having inappropriate agro-
nomic properties. For this reason, many cultivated 
genotypes are tested. The wide range of the abili-
ty of callogenesis (6.2‒100%) by wheat genotypes 
was described by Murín et al. (2012). Similarly, 
Shah et al. (2009) recorded the range 36.3‒86.3% 
in a ten-genotype group. In European cultivars, cal-
logenesis varied from 56.1 to 98.7% (Varshney & 
Altpeter 2001). Zhang et al. (2015) tested 18 Chi-

Figure 1. In vitro wheat regeneration from immature scutella, cultivar Ilias (A – isolated scutella, B – callus formation, C – rege-
neration, D ‒ regenerated shoots) 
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nese genotypes with the result 10‒100% of callus 
formation. 

The production of shoots from induced callus 
was achieved by six out of 11 genotypes tested. Dif- 
ferences in both frequency and effectivity were sta-
tistically significant (Table 1). The cultivars Ilona, 
IS Karpatia, PS Pintta, Torysa and Venistar did not 
generate the shoots. From regenerating genotypes, 
Astella has the lowest regeneration efficiency. The 
highest percentage of regenerating explants was 
given by the Slovak variety Ilias (Figure 1), with 

regeneration efficiency 4.3 times exceeding model 
genotype Bobwhite. 

Wheat in vitro regeneration is markedly genoty-
pe dependent. In European genotypes, Rasco-Gaunt 
et al. (2001) recorded a range of regeneration 
frequency 0‒80%, which is in accord with our re-
sults (0‒78.3%). Varshney and Altpeter (2001) tes-
ted 38 genotypes, with regeneration varied from 
51.9% to maximum and efficiency between 1 and 
16.8 regenerants. Wide differences (0‒61%) of re-
generation frequency of Hungarian genotypes were 

T  a  b  l  e   2

The regeneration of two wheat genotypes in respect to donor plant growth conditions (various letters indicate the 
statistically significant difference detected by the LSD test, α = 0.05) 

 Donor plant Bobwhite CY-45 

Callogenesis field 62.8b 96.0a 

[%] growth chamber 98.6a 100.0a

Regeneration field 13.8b 32.9a,b 

[%] growth chamber 61.4a 40.2a.b

Figure 2. The effect of different concentration of the selection agent (0, 5, 7, 10 mg/l PPT) on the regeneration frequency of two 
wheat genotypes throughout 6 weeks (the average +/- standard deviation)
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described by Tamás et al. (2004). The regeneration 
ranged from 3.5 to 31% in Chinese cultivars (Zhang 
et al. 2015). Murín et al. (2012) evaluated 23 cul-
tivars with the result from none to 20% recovery, 
The upper limit was shifted to 37.5% by Dicamba 
supplementation. The efficiency varied up to 0.9 
shoots. Nevertheless, 2,4-D predominates in wheat 
cultures, namely at the concentration 2 mg/l. We 
applied copper addition to the induction medium, 
similarly to He et al. (2015). 

To evaluate the effect of donor plant environ-
ment, scutella culture derived from field grown or 
controlled conditions grown plants of genotypes 
Bobwhite and CY-45 were initiated. Higher callo-
genesis was reached by CY-45 genotype, where no 
differences with the starting material used were no-
ticed. The callus production of genotype Bobwhite 
was significantly superior when using plants grown 
in the growth chamber. The regeneration frequency 
differences were documented among the donor plant 
growth conditions only by Bobwhite (Table 2). The 
explants from growth chamber conditions regenera-

ted better. The dependence between wheat regenera-
tion and the growth conditions of the explant donor 
plants was described also by Pastori et al. (2001). In 
addition, a variety of regeneration rates are shown 
by the same genotype under the same culture condi-
tions at different times (Wang et al. 2014). 

The selection was optimized by two non-trans-
formed genotypes (Bobwhite, CY-45) with phosphi-
nothricin as a selection agent. After 2 weeks on the 
selection medium, regeneration of all variants were 
observed (22.9‒58.6%). Four-week cultivation on 
the selection medium resulted in the statistically 
significant differences between the control and the 
selection media. In the case of Bobwhite, the shoots 
were emerged (although minimal number) even af-
ter 6-week culture at the concentration 5 mg/l of PPT 
(Figure 2, 3). Based on the results and the length 
of cultivation during transformation (6‒10 weeks), 
the selection protocols were optimized. The regene-
ration medium (DR) is supplemented with 5 mg/l 
of PPT, already during the cultivation in the dark. 
In the subsequent cultivation on DR medium under 

Figure 3. The regeneration of wheat immature embryos of CY-45 after 6 weeks on the selection media with different concen-
trations of PPT (A ‒ control, B ‒ 5 mg/l PPT, C ‒ 7 mg/l PPT, D ‒ 10 mg/l PPT)
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the photoperiod conditions the PPT concentration is 
maintained (5 mg/l). The shoot induction medium 
(DS) is supplemented with 7 mg/l of PPT. 

Most of authors introduce the selection immedia-
tely after explant bombardment at a concentration 
2‒5 mg/l of PPT (Li et al. 2012; Zhang et al. 2015). 
Rana et al. (2014) selected after two weeks of culti-
vation (3 mg/l of BASTA). Higher levels of BASTA 
were used by Kasirajan et al. (2013), in spite of they 
recorded more than 50% of the escape plants. Simi-
lar amounts are reported for bialafos. In our expe-
riments, the concentration of 5 mg/l was sufficient 
for genotype CY-45, but non-transformed shoots 
were recovered by Bobwhite in later phases even 
under these conditions. Therefore, the PPT level in 
the last culture interval was increased. Successful 
genetic transformation is dependent on the rege-
neration of given species in in vitro culture. Some 
factors affecting the process of wheat regeneration 
were evaluated. The regeneration ability of eleven 
wheat genotypes was screened. All genotypes were 
capable to form callus. The regeneration of shoots 
was achieved by six of 11 genotypes tested. The 
highest frequency and effectivity of regeneration 
was provided by the Slovak cultivar Ilias. The effect 
of donor plant environment was tested in scutella 
culture derived from field or controlled conditions 
grown plants. Plants from growth chamber appea-
red to be better source of explants for wheat in vitro 
cultivation. The selection system was optimized by 
supplementation of media with increasing concen-
trations of phosphinothricin. After two weeks the 
regeneration was observed in all variants, after 4 
weeks the differences between the control and the 
selection media were evident. Based on the results, 
the selection protocol was proposed. 

Acknowledgements. This work was supported 
by the Slovak Research and Development Agency, 
the contract no. APVV-0294-11. We thank Dr. János 
Pauk from Agricultural Research Institute, Szeged, 
for providing of CY-45 seeds. 

REFERENCES

ABOUSEADAA, H.H. – OSMAN, G.H. – RAMADAN, A.M. 
– HASSANEIN, S.E. – ABDELSATTAR, M.T. – MOR-
SY, Y.B. – ALAMELDIN, H.F. – EL-GHAREEB, D.K. – 

NOUR-ELDIN, H.A. – SALEM, R. – GAD, A.A. – EL-
KHODARY, S.E. – SHEHATA, M.M. – MAHFOUZ, H.M. 
– EISSA, H.F. – BAHIELDIN, A. 2015. Development of 
transgenic wheat (Triticum aestivum L.) expressing avi-
din gene conferring resistance to stored product insects. In 
BMC Plant Biology, vol. 15, p. 183. DOI: 10.1186/s12870-
015-0570-x 

BRUCE, T.J.A. – ARADOTTIR, G.I. – SMART, L.E. – MAR-
TIN, J.L. – CAULFIELD, J.C. – DOHERTY, A. ‒ SPARKS, 
C.A. ‒ WOODCOCK, C.M. ‒ BIRKETT, M.A. ‒ NAPIER, 
J.A. – JONES, H.D. – PICKETT, J.A. 2015. The first crop 
plant genetically engineered to release an insect pheromo-
ne for defence. In Scientific Reports, vol. 5, p. 11183. DOI: 
10.1038/srep11183 

GREER, M.S. – KOVALCHUK, I. – EUDES, F. 2009. Am-
monium nitrate improves direct somatic embryogenesis 
and biolistic transformation of Triticum aestivum. In New 
Biotechnology, vol. 26, no. 1‒2, pp. 44‒52. DOI: 10.1016/j.
nbt.2009.02.003 

GUBIŠOVÁ, M. ‒ MIHÁLIK, D. ‒ KONÔPKOVÁ, Ľ. 2011. 
Regeneration efficiency of Slovak spring barley cultivars 
and winter wheat cultivars. In Agriculture (Poľnohospodár-
stvo), vol. 57, no. 2, pp. 76‒83. ISSN 1338-4376 

HE, Y. – WANG, Q. – ZENG, J. – SUN, T. – YANG, G.X. – 
HE, G.Y. 2015. Current status and trends of wheat genetic 
transformation studies in China. In Journal of Integrative 
Agriculture, vol. 14, no. 3, pp. 438‒452. DOI: 10.1016/
S2095-3119(14)60934-5 

KASIRAJAN, L. – BOOMIRAJ, K. – BANSAL, K.C. 2013. 
Optimization of genetic transformation protocol mediated 
by biolistic method in some elite genotypes of wheat (Triti-
cum aestivum L.). In African Journal of Biotechnology, vol. 
12, no. 6, pp. 531‒538. DOI: 10.5897/AJB12.2785 

KASIRAJAN, L. – KOVILPILLAI, B. – BANSAL, K.C. 2014. 
Mature embryo-derived wheat transformation for tolerance 
to moisture stress. In Biotechnology Letters, vol. 36, no. 5, 
pp. 1037‒1041. DOI: 10.1007/s10529-013-1431-z 

LI, J. – YE, X. – AN, B. – DU, L. – XU, H. 2012. Genetic trans-
formation of wheat: current status and future prospects. In 
Plant Biotechnology Reports, vol. 6, no. 3, pp. 183‒193. 
DOI: 10.1007/s11816-011-0213-0 

MURÍN, R. – MÉSZÁROS, K. – NEMEČEK, P. – KUNA, R. 
– FARAGÓ, J. 2012. Regeneration of immature and mature 
embryos from diverse sets of wheat genotypes using media 
containing different auxins. In Acta Agronomica Hungarica, 
vol. 60, no. 2, pp. 97‒108. DOI: 10.1556/AAgr.60.2012.2.2 

PASTORI, G.M. – WILKINSON, M.D. – STEELE, S.H. – 
SPARKS, C.A. – JONES, H.D. – PARRY, M.A.J. 2001. 
Age-dependent transformation frequency in elite wheat va-
rieties. In Journal of Experimental Botany, vol. 52, no. 357, 
pp. 857‒863. DOI: 10.1093/jexbot/52.357.857 

RANA, I.A. ‒ SALOMON, S. – SCHÄFER, W. – BECKER D. 
2014. Downregulation of Glucan Synthase-Like (TaGSL) 
genes in wheat leads to inhibition of transgenic plant rege-
neration. In In Vitro Cellular and Developmental Biology 
– Plants, vol. 50, no. 6, pp. 696‒706. DOI: 10.1007/s11627-
014-9636-y 

RASCO-GAUNT, S. – RILEY, A. – CANNELL, M. – BAR-
CELO, P. – LAZZERI, P.A. 2001. Procedures allowing the 
transformation of a range of European elite wheat (Triticum 
aestivum L.) varieties via particle bombardment. In Jour-
nal of Experimental Botany, vol. 52, no. 357, pp. 865‒874. 
DOI: 10.1093/jexbot/52.357.865 

SHAH, M.M. – KHALID, Q. – KHAN, U.W. – SHAH, S.A.H. 
– SHAH, S.A. – HASSAN, A. – PERVEZ, A. 2009. Va-
riation in genotypic responses and biochemical analysis of 
callus induction in cultivated wheat. In Genetics and Mole-



36

Agriculture (Poľnohospodárstvo), 65, 2019 (1): 30−36

cular Research, vol. 8, no. 3, pp. 783‒793. ISSN 1676-5680 
TAMÁS, C. – SZÜCS, P. – RAKSZEGI, M. – TAMAS, L. – 

BEDÖ, Z. 2004. Effect of combined changes in culture 
medium and incubation conditions on regeneration from 
immature embryos of elite varieties of winter wheat. In 
Plant Cell, Tissue and Organ Culture, vol. 79, no. 1, pp. 
39‒44. DOI: 10.1023/B:TICU.0000049447.81409.ed 

VARSHNEY, A. – ALTPETER, F. 2001. Stable transformation 
and tissue culture response in current European winter 
wheats (Triticum aestivum L.). In Molecular Breeding, vol. 
8, no. 4, pp. 295‒309. DOI: 10.1023/A:1015240901016 

VASIL, V. – CASTILLO, A.M. – FROMM, M.E. – VASIL, I.K. 
1992. Herbicide resistant fertile transgenic wheat plants 
obtained by microprojectile bombardment of regenerable 
embryogenic callus. In Bio-Technology, vol. 10, no. 6, pp. 
667‒674. DOI: 10.1038/nbt0692667 

WANG, X. – REN, X. – YIN, G. – WANG, K. – LI, J. – DU, 
L. – XU, H. – YE, X. 2014. Effects of environmental 
temperature on the regeneration frequency of the immature 
embryos of wheat (Triticum aestivum L.). In Journal of 
Integrative Agriculture, vol. 13, no. 4, pp. 722‒732. DOI: 
10.1016/S2095-3119(13)60362-7 

ZHANG, K. – LIU, J. – ZHANG, Y. – YANG, Z. – GAO, C. 
2015. Biolistic genetic transformation of a wide range of 
Chinese elite wheat (Triticum aestivum L.) varieties. In 
Journal of Genetics and Genomics, vol. 42, no. 10, pp. 
39‒42. DOI: 10.1016/j.jgg.2014.11.005 

Received: September 12, 2018
                                                    Accepted: April 2, 2019




