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Today, the development of world agriculture 

aims to increase the cultivation of vegetables as one 

of the main food products. In Ukraine, where cli-

matic and soil conditions are favorable to obtain a 

high yield of different crops including fruits and 

vegetables, the area of arable land is equivalent to 

30% of that of the European Union and 2.1% of the 

world’s total arable land area. The cultivation of 

commercially valuable crops is usually associated 

with a high risk of bacterial and fungal infection. 

The growing demands in healthy food stimulate the 

development of new technologies of plant protec-

tion against phytopathogens. Under the favorable 

weather conditions, particularly in the months of 

wet spring and autumn, the development and 

spreading of phytopathogens can cause epiphytot-

ics. 

To combat the escape of bacterial and fungal 

pathogens from plant native defense strategies, new 

efficient approaches should be applied in agricul-

ture for plant protection. These new methods 

should be safe both for human health and environ-

ment. As an alternative for breeding and pesticides, 

the use of plant biotechnological methods could 

provide complex long-lasting resistance of crop 

plants to bacterial, viral and fungal pathogens. The 

introduction of heterologous genes encoding antim-

icrobial peptides into plant genome is a promising 

strategy for protection of plants. 

Tomatoes and potato are ones of the world’s 

most important and widespread crops, and the 

Ukrainian products sector of these vegetables is a 

global export player in the Europe. But plant dis-

eases can cause significant loss of different vegeta-

ble yield, up to 30-80%. For instance, Clavibacter 

michiganensis subsp. michiganensis, C. michi-

ganensis subsp. sepedonicus and Ralstonia solana-

cearum are the main bacterial pathogens that cause 

substantial economic losses worldwide by damag-

ing tomatoes and potato. C. michiganensis subsp. 

michiganensis and C. michiganensis subsp. sepe-

donicus are the causative agents of bacterial wilt 

and canker of tomato and potato, respectively. R. 

solanacearum is the pathogen that causes also bac-

terial wilt of both plant species. The most common 

and threatening fungal tomato disease, which 

causes up to $6 billion in crop damage each year 

[Nowicki et al. 2011] is the late blight caused by 

Phytophthora infestans (Mont.) de Bary [Blancard 

et al. 2012]. It can also seriously damage potatoes. 

In Ukraine, these bacterial and fungal pathogens are 

the most hazardous for tomato [Kolomiets et al. 

2017; 2019a; 2019b] and potato [Gordienko & Za-

harchuk, 2017; Boroday et al., 2018] production. 

The problem of developing new tomato and 

potato varieties resistant to a wide range of phyto-

pathogens is of great interest. For example, in 

Ukraine during the years 2010-2014, more than ten 

thousand tomato cultivars were analyzed for their 

resistance to fungal pathogens, and more than 

75.4% of the varieties were highly sensitive to fun-

gal diseases [Shotyk et al. 2014]. In order to in-

crease the systemic resistance to biotic stress in dif-

ferent plant species, different genetic engineering 

approaches are used. One of them is a transfer of 

lactoferrin gene into plant genomes and its efficient 

expression in transgenic plant lines [see review 

Yemets et al. 2014]. 

Lactoferrin is an iron-binding protein of the 

transferrin family, which is present in large quanti-

ties in milk and secretory fluids of mammals. Lac-

toferrin is a component of the human innate non-

specific immune system since it has anti-

inflammatory, anti-cancer, anti-viral, bactericidal, 

fungistatic, etc. activities [Yemets et al., 2014]. 

Therefore, the transduction and integration of this 

gene into the genome of commercially valuable 

plant varieties can increase its resistance to phyto-

pathogens of bacterial, viral and fungal origin 

[Lakshman et al. 2013; Yemets et al. 2014]. In pre-

vious studies, antibacterial effects in transgenic to-

bacco [Sohrabi et al. 2014; Zhang 1998], rice [Ta-

kase et al. 2005], tomato [Lee et al. 2002], antiviral 

activities in potato [Taha et al. 2015], and fung-

istatic action in wheat [Han et al. 2012] etc. of lac-

toferrin gene expression have been found.  

We have developed also the methods of the 

Agrobacterium-mediated transformation of differ-

ent tomato (Lycopersicon esculentum Mill.) and 

potato (Solanum tuberosum) varieties with the hu-
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man lactoferrin gene (hLf) and the expression of 

recombinant human lactoferrin in transgenic tomato 

and potato plants. Transformation was carried out 

with the use of supervirulent A. tumefaciens strain 

EHA105 carrying the binary vector pBin35LF. It 

contained human lactoferrin cDNA under the con-

trol of the constitutive Cauliflower Mosaic Virus 

(CaMV) 35S promoter and of the octopine synthase 

gene terminator (OcsT), and npt II selectable 

marker gene encoding neomycin phosphotrans-

ferase II under control of the nopaline synthase 

promoter and CaMV 35S terminator [Buziashvili et 

al., 2020a, 2020b]. For genetic transformation of 

tomato with the hLf gene, the Money Maker culti-

var was used as a model cultivar for physiological 

and transformational studies of tomato with easy 

and well-adapted transformation methods. Another 

cultivar of our choice was widely used in the agri-

cultural sector Ukrainian tomato cultivar Lahidny 

[Buziashvili et al., 2020b]. For potato transforma-

tion four potato cultivars: Vernisage, Levada, Svi-

tanok and Zarevo, kindly provided by Institute of 

Potato, National Academy of Agrarian Sciences of 

Ukraine were used [Buziashvili et al., 2020a]. 

In order to confirm the integration of the 

gene of interest (hLf) into the plant genome (after 

selection of tomato and potato lines on media con-

taining selectable agent kanamycin) PCR analysis 

of kanamycin-resistant plants was performed using 

primers specific to hLf gene. The products of PCR 

amplification corresponded to the expected PCR 

product of 731 bp. No amplification was found in 

the DNA controls of non-transformed plants. To 

confirm the expression of hLf in transgenic tomato 

and potato lines, a Western blot was performed us-

ing the primary antibody against lactoferrin. The 

protein detected had a molecular mass of approxi-

mately 80 kDa, similar to that of the full-length na-

tive human lactoferrin. Samples of non-transformed 

plants (control) did not react with the antibody 

against human lactoferrin [Buziashvili et al., 2020a, 

2020b]. 

The resistance to phytopathogenic bacteria R. 

solanacearum and C. michiganensis was investi-

gated for transgenic plants with the use of disk dif-

fusion assay. The zones of growth inhibition were 

detected around the disks loaded with the samples 

isolated from transgenic plants. A significant corre-

lation was found between the inhibitory effect on 

bacterial growth and the concentration of lactofer-

rin in the samples. The in vitro study of transgenic 

plants’ sensitivity (aseptic plants) to P. infestans 

was performed using the assay on resistance to late 

blight. For this analysis transgenic and control were 

infected in vitro with conidia of P. infestans. Dy-

namics of the development of symptoms were ob-

served in 1-8 days of post-inoculation, indicating 

signs such as brown necrotic spots, wilting and the 

presence of viable mycelium [Buziashvili et al., 

2020a, 2020b]. 

It has been shown that the obtained trans-

genic plants have the increased resistance to bacte-

rial phytopathogens such as R. solanacearum, C. 

michiganensis subsp. michiganensis, C. michi-

ganensis subsp. sepedonicus, and to the fungal 

pathogen P. infestans. The data obtained suggest 

that the transfer of the human lactoferrin gene to 

plants could be an alternative strategy to increase 

the resistance of commercially valuable plants 

against a wide range of bacterial and fungal phyto-

pathogens and improve crop quality.  
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