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Aim. To determine the selective concentra-
tions of phosphinothricin and paromomycin for the 
selection of transgenic plants of spelt wheat. Meth-
ods. Shoot apical meristem culture, mature embryo 
culture, Agrobacterium-mediated genetic transfor-
mation. Results. Isolation and cultivation of shoot 
apical meristems of seedlings from three spelt 
genotypes and mature embryos from three other 
genotypes were carried out. A high frequency (from 
80 to 100 %) of callus induction from explants was 
observed. It was shown that the addition of 5 mg/l 
of phosphinothricin or 100 mg/l of paromomycin to 
the culture medium almost completely inhibited 
plant regeneration compared to the control. After 
Agrobacterium-mediated genetic transformation of 
calli with a vector containing the phosphinothricin-
N-acetyltransferase gene, regeneration of spelt 
shoots for one genotype was observed on a selec-
tive medium with 5 mg/l phosphinothricin. Conclu-
sions. The selective concentrations of herbicide and 
antibiotic for obtaining transgenic spelt wheat 
plants with the corresponding marker genes are 
5 mg/l for phosphinothricin and 100 mg/l for paro-
momycin. 

Keywords: Triticum spelta L., spelt wheat, 
shoot apical meristem culture, mature embryo cul-
ture, plant genetic transformation. 

 
Common wheat (Triticum aestivum L.) plays 

a vital role in maintaining global food security and 
resources, accounting for a fifth of total calorie and 
protein consumption [1]. Despite its widespread 
distribution and annual growth in production vol-
umes, wheat is vulnerable to many biotic and abiot-
ic factors, posing a serious threat to its cultivation 
in the future. Therefore, researchers are increasing-
ly turning their attention to ancient cereals, in par-
ticular spelt (T. spelta L.), as this type of wheat is 
most closely related to common wheat. Spelt has a 
lower yield (70–80 % of the yield of bread wheat), 

husk-covered grains complicating sowing and 
threshing procedures, but its grain has a higher 
nutritional value [2]. The plant is resistant to dis-
eases and undemanding to growing conditions, 
freely interbreeding with tetraploid and hexaploid 
species. Such features make spelt an attractive tar-
get for both organic farming and biotechnological 
research. 

To obtain in vitro biotechnological plants of 
cereal crops, immature or mature embryos [3, 4], as 
well as shoot apical meristems [5, 6] and the callus 
collected from them, are most often used as ex-
plants, as they have a high regeneration potential. 
Although mature embryos (ME) and shoot apical 
meristems (SAM) usually have a lower morphoge-
netic potential compared to immature embryos (IE), 
the use of these explants in biotechnological pro-
jects is attractive because they can be obtained from 
seeds throughout the year without greenhouse use. 
To facilitate the selection of transgenic plants, se-
lectable marker genes are used to ensure plant re-
sistance to antibiotics or herbicides. Among them, 
the phosphinothricin-N-acetyltransferase (pat) 
gene, which provides resistance to phosphinothri-
cin, and the gene of neomycin phosphotransferase 
II (nptII), which inactivates aminoglycoside antibi-
otics, such as kanamycin, paromomycin, neomycin, 
and others, are the most commonly used [7]. In the 
study, selective concentrations of the phosphino-
thricin and the paromomycin were determined for 
the biotechnological production of spelt plants in 
mature embryos and shoot apical meristems cul-
tures. 

 
Materials and methods 
T. spelta seeds of the variety Europa (VNIS) 

and breeding lines Nos. 851, 853, 4093, 4114, 4130 
(kindly provided by the Institute of Plant Physiolo-
gy and Genetics of the National Academy of Sci-
ences of Ukraine) were used in the work. To intro-
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duce spelt into in vitro culture, surface sterilization 
of grains was carried out according to the meth-
od [6], using potassium permanganate, silver ni-
trate, and ethanol. Before sterilization, the grains 
were freed from the husks. Sterilized seeds germi-
nated on MS medium [8] without growth regulators 
in the lighting regime with a 16-hour photoperiod at 
a temperature of 24°C for three days. Mature em-
bryos were isolated from freshly sterilized seeds of 
breeding lines Nos. 4093, 4114, 4130. Shoot apical 
meristems were isolated from 3-day-old seedlings 
of spelt of the Europa variety and breeding lines 
Nos. 851 and 853. For callus induction, isolated 
explants were placed on modified N6 medium [9], 
which contained 0.5 mg/l 2,4-dichloro-
phenoxyacetic acid (2,4-D), 1 mg/l dicamba, and 
0.1 mg/l abscisic acid, or MS medium containing 
Morel's vitamins [10], 30 g/l sucrose, 5 mg/l Ag-
NO3, 2 mg/l 2,4-D, and grown in the dark at 27°C 

for two to three weeks. Callus formation frequency 
(CFF) was calculated as a percentage of explants 
that formed callus to the total number of explants. 
The obtained calli were planted on regeneration 
media (MS with 1 mg/l 6-benzylaminopurine 
(BAP) and 0.1 mg/l naphthylacetic acid (NAA), or 
with 0.25 mg/l BAP, or without phytohormones), 
containing phosphinothricin in concentrations of 3, 
5, or 10 mg/l, or paromomycin in concentrations of 
100, 150, or 200 mg/l, and without selective agents 
as a control and were cultured under the above con-
ditions for a month. The experiment was performed 
three times. 

Agrobacterium-mediated genetic transfor-
mation of calli obtained in the shoot apical meri-
stems culture was carried out using the pCB203 
vector [11] according to [12]. In days the calli were 

placed on the medium used in their induction, con-
taining 500 mg/l of the antibiotic cefotaxime to 
inhibit the bacteria growth. After 4 days of cultiva-
tion on the bacteriostatic medium, calli were trans-
ferred to selective regeneration MSR medium (MS 
with 1 mg/l BAP and 0.1 mg/l NAA) containing 5 
mg/l phosphinothricin and were cultured under the 
above conditions for a month. Calli, for which all 
steps of the transformation procedure were per-
formed, except cultivation with bacterial suspen-
sion, served as a negative control. 

 
Results and discussion 
The use of the indicated method of grain sur-

face sterilization led to 100 % sterility of the plant 
material. Seed germination was more than 95 % of 
the total number of processed grains, which is a 
fairly high indicator. A high frequency of callus 
formation was observed (Table 1), similar to other 
studies [4, 13–16]. 

During the cultivation of calli on media con-
taining different concentrations of phosphinothri-
cin, it was shown that the lowest tested concentra-
tion of the herbicide, 3 mg/l, partially suppressed 
the regeneration of plants from calli (Fig. 1). The 
application of an herbicide concentration of 5 mg/l 
almost completely inhibited the regeneration of 
plants of all studied genotypes. Under cultivation of 
calli on a medium containing 10 mg/l of phosphino-
thricin, the greening of calli and plant regeneration 
were absent. The results did not depend on which 
medium was used for callus induction. Therefore, 
the selective concentration of phosphinothricin for 
obtaining transgenic spelt plants with the selectable 
marker gene of phosphinothricin-N-
acetyltransferase (pat) is 5 mg/l of the medium. 

 
Table 1. Callus formation frequency (CFF) from different spelt explants on the two media 

Genotype Explant type Medium CFF, %* 
Europa SAM N6 98.0 ± 1.9 

MS 96.7 ± 3.0 
851 SAM N6 99.6 ± 0.7 

MS 99.0 ± 1.8 
853 SAM N6 96.3 ± 4.5 

MS 97.3 ± 2.9 
4130 ME N6 92.3 ± 11.1 

MS 97.5 ± 5.0 
4114 ME N6 92.8 ± 10.4 

MS 98.1 ± 2.1 
4093 ME N6 80.5 

Note. * data presented with standard deviation. 
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Fig. 1. The appearance of calli formed from the shoot apical meristems of spelt seedlings (variety Europa and 

breeding lines Nos. 851 and 853) on modified media for callogenesis (MS and N6), one month after planting on regen-
eration media MSR, which contained phosphinothricin in concentrations 3, 5, or 10 mg/l and no herbicide as a control. 

 
Next, Agrobacterium-mediated genetic trans-

formation of calli obtained from shoot apical meri-
stems was carried out using the pCB203 vector, 
which contained the β-glucuronidase (uidA) gene 
under the control of the promoter and the first in-
tron of the maize ubiquitin gene and the phosphino-
thricin-N-acetyltransferase (pat) gene under the 
control of bacterial nopaline synthase promot-
er [11]. After transformation, regeneration of plants 
of breeding line No. 853 was observed with a fre-
quency of 35.3%, which was 3.5 times higher com-
pared to the control (10%). The Europa variety and 
breeding line No. 851 were found to be sensitive to 

bacterial contamination (Fig. 2). They were charac-
terized by a complete absence of callus greening 
and shoot regeneration, although the beginning of 
regeneration was observed in the control. There-
fore, the spelt breeding line No. 853, which had the 
highest regeneration potential (data not shown), 
was the least sensitive to contamination by the bac-
terium A. tumefaciens and showed a high regenera-
tion frequency on the selective medium after Agro-
bacterium-mediated transformation. Breeding line 
No. 853 is promising to obtain transgenic spelt 
plants 
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Fig. 2. The appearance of spelt calli (variety Europa and breeding lines Nos. 851 and 853) after Agrobacterium-

mediated transformation following 4-week cultivation on the regeneration selective medium compared to the control. 
 
During testing the effect of different concen-

trations of the antibiotic paromomycin on spelt 
plant regeneration, it was shown the use of the low-
est concentration (100 mg/l) completely inhibited 
the greening of calli and the shoot regeneration 
from them, except line No. 4114, for which from 
callus obtained on a modified medium N6, regener-
ation of one plantlet was observed (Fig. 3). Com-
pared to another aminoglycoside antibiotic kana-
mycin, paromomycin has a milder effect on plant 
tissues and did not have an irreversible effect on the 

regeneration potential of plant cells, which makes it 
possible to select regenerants in sufficient quanti-
ties [17]. Plant regeneration from tobacco 
leaves [17] and maize calli [18] were observed us-
ing 100 mg/l of paromomycin. Then the concentra-
tion of 100 mg/l is expected to be nontoxic to spelt 
callus. Therefore, the selective concentration of the 
antibiotic paromomycin for the production of trans-
genic spelt plants with the neomycin phosphotrans-
ferase II marker gene is 100 mg/l of the medium. 
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Fig. 3. The appearance of calli obtained in the mature embryos culture of spelt (breeding lines 

Nos. 4093, 4114, 4130) on modified media for callogenesis (MS and N6), one month after planting on re-
generation media that contained paromomycin in concentrations of 100, 150, or 200 mg/l and no antibiotic as 
a control. 

 
Conclusions 
As a result of the conducted research, it was 

shown the applied technique for surface steriliza-
tion of spelt seeds is effective and ensures the get-
ting of sterile material in its entirety. All studied 
spelt genotypes had a high callus formation fre-
quency from explants placed on two different callus 
induction media. No significant difference in callus 
formation frequency was found among genotypes 
and explants. The determined selective concentra-
tions of phosphinothricin and paromomycin to ob-
tain transgenic plants with the corresponding mark-
er genes were 5 mg/l for the herbicide and 100 mg/l 

for the antibiotic. Testing of the specified condi-
tions to receive transgenic plants using Agrobacte-
rium-mediated transformation showed their com-
pliance with the tasks. Breeding line 853 highlight-
ed as promising for production transgenic spelt 
plants using the shoot apical meristem culture. 
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ВИЗНАЧЕННЯ СЕЛЕКТИВНИХ КОНЦЕНТРАЦІЙ ФОСФІНОТРИЦИНУ ТА ПАРОМОМІЦИНУ ДЛЯ 

ОТРИМАННЯ ТРАНСГЕННИХ РОСЛИН СПЕЛЬТИ 
Мета. Визначити селективні концентрації гербіциду фосфінотрицину та антибіотику паромоміцину для 

відбору трансгенних рослин пшениці спельти. Методи. Культура апікальних меристем пагонів, культура 

зрілих зародків, Agrobacterium-опосередкована генетична трансформація. Результати. Проводили ізоляцію та 

культивування апікальних меристем пагонів проростків трьох генотипів спельти та зрілих зародків від трьох 

інших генотипів. Спостерігали високу частоту (від 80 до 100 %) індукції калюсу з експлантів. Показано, що 

внесення 5 мг/л фосфінотрицину або 100 мг/л паромоміцину в живильне середовище практично повністю 
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пригнічувало регенерацію рослин, порівнюючи із контролем. Після Agrobacterium-опосередкованої генетичної 

трансформації калюсів вектором, що містив ген фосфінотрицин-N-ацетилтрансферази, спостерігали 

регенерацію пагонів спельти генотипу № 853 на селективному середовищі із 5 мг/л фосфінотрицину. Висновки. 
Селективні концентрації гербіциду та антибіотику для отримання трансгенних рослин пшениці спельти з 

відповідними маркерними генами становлять 5 мг/л для фосфінотрицину та 100 мг/л для паромоміцину. 
Ключові слова: Triticum spelta L., пшениця спельта, культура апікальних меристем пагонів, культура зрілих 

зародків, генетична трансформація рослин. 


