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Abstract
To identify Nicotiana tabacum genes involved in resistance and susceptibility to the phytopathogenic fungus Rhizoctonia 
solani, transcripts were generated (by subtractive libraries), which were differentially expressed in each interaction. 
This enabled isolation of a gene coding for a protein kinase that becomes silent during the susceptibility interaction 
and is activated during resistance. The expression of this gene in tobacco plants significantly increased resistance 
against an aggressive isolate of R. solani. However, silencing the gene drastically reduced resistance to a non-
aggressive isolate of R. solani. Besides, genes such as: superoxide dismutase, hsr203j, chitinases and phenylalanine 
ammonia lyase, related with resistance to tobacco plant diseases, in which the gene coding for the protein kinase is 
overexpressed or silenced, were evaluated. This gene can be used to design a strategy of resistance to R. solani in 
tobacco cultures or other plants of the Solanaceae family, susceptible to this phytopathogen.
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Resumen 
La proteína quinasa NtPK confiere alto nivel de protección contra el hongo fitopatógeno Rhizoctonia solani. 
Con el objetivo de identificar los genes involucrados en la resistencia y susceptibilidad de la Nicotiana tabacum al 
hongo fitopatógeno Rhizoctonia solani, se generaron (a través de librerías substractivas) transcriptos que se expresan 
diferentemente en cada interacción. Ello permitió el aislamiento de un gen que codifica para una proteína quinasa 
que se silencia durante la interacción de susceptibilidad y se activa durante la resistencia. La expresión de este gen 
en plantas de tabaco incrementó significativamente su resistencia frente a un aislado agresivo de R. solani. Sin em-
bargo, el silenciamiento del gen redujo drásticamente la resistencia a una cepa no agresiva de R. solani. Además 
se evaluaron genes como superóxido dismutasa, hsr203j, quitinasas y fenilalanina amonio-liasa relacionados con 
la resistencia a enfermedades en plantas de tabaco en las que se sobrexpresa o silencia el gen que codifica para la 
proteína quinasa. Este gen se puede utilizar para el diseño de una estrategia de resistencia a R. solani en cultivos 
de tabaco u otras plantas de la familia Solanácea, susceptibles a este fitopatógeno.
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silenciamiento de genes
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Introduction
Rhizoctonia solani J. G. Kühn (teleomorph: Thanatepho-
rus cucumeris (AB Frank) Donk) is a phytopathogen that 
causes huge losses in plant cultures of the Solanaceae 
family, such as tobacco, tomato and potato. It became a 
problem for tobacco plantations in the 1990 decade, due, 
to a great extent, to the change from outside transplant 
production to the float systems [1]. R. solani causes sud-
den death in plantlets and rotting of the stalk in young 
transplants; it is a fungus of the lower part of the stalk 
and root [2, 3]. Transplant of infected plantlets is one of 
the main causes of development of this disease; however, 
it can also occur due to its presence in the field [1].

Tobacco leaf spot, caused by the sexual phase of 
this fungus, emerged in the United States for the first 
time in the 1980 decade and today accounts for eco-
nomic losses in tobacco production [1, 4]. It appears 
due to the infection by T. cucumeris basidiospores 
that produce hymenium, which form on the ground 
surface or on infected tissue [5]. Symptoms start as 

small aqueous lesions on the leaves, which can spread 
and form large circular spots of concentric rings. 
They appear on tobacco plants in environments with 
greenhouse effect and in general after the leaves have 
grown enough to form a canopy and create a very hu-
mid environment that favors disease development. In 
extreme cases, this phytopathogen can grow from the 
leaf tissue to the stalk and cause plant death [1]. R. so-
lani isolates causing stalk and root rot are classified in 
anastomosis groups AG-1, AG-2-2 and AG-4, while 
the one causing leaf spots belongs to group AG-3 [6].

Resistance of tobacco cultures to R. solani could 
be determinant; but previous examinations of tobacco 
germplasm have shown lack of resistance sources. 
By the contrary, assessment and identification of re-
sistance in other cultures, such as peanuts, sorghum, 
beans, rice and sugar beet have been successful [7-11]. 
Recently, several tobacco genotypes and species were 
evaluated to detect resistance to R. solani [1]; but sig-
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nificant differences were observed only at a low pres-
sure incidence of the disease between genotypes, with 
no disease resistance at high disease pressure [1].

Several factors have been associated with R. solani 
resistance, including the thickness of the epicuticular 
wax [12], cuticle thickness [13] and calcium content 
in the cell wall [14, 15]. Cuticle and epicuticular wax 
prevent the action of enzymes or toxins released by 
Rhizoctonia spp., which participate in phytopathogen 
tolerance [16]. Besides, induced resistance mecha-
nisms, such as the hypersensitivity response [12] or 
increase in the production of pathogenesis-related 
proteins may also be involved in resistance [17]. 

However, little is known about the molecular events 
associated with R. solani resistance in tobacco. It has been 
recently described a decrease in resistance to an R. solani 
compatible strain in a type of tobacco lines, in which 
calmodulin was silenced. In those lines, expression of 
jasmonic acid or ethylene acid were not affected, suggest-
ing that calmodulin is probably involved in the defense 
against the necrotrophic phytopathogen at basal levels, 
independent of the jasmonic or ethylene acid [18].

To understand the molecular components of Nico-
tiana tabacum responsible for susceptibility and re-
sistance to R. solani, the subtractive hybridization 
method was used to generate cDNA libraries, con-
taining fragments of gene transcripts derived from N. 
tabacum, either induced or repressed during a com-
patible or non-compatible interaction with R. solani. 
Candidate genes were evaluated using overexpression 
or silencing strategies. This procedure enabled identi-
fication of a gene that codes for an N. tabacum protein 
kinase (NtPK), which might confer high resistance 
to R. solani. This work was awarded the Prize of the  
Cuban Academy of Sciences in 2011. 

Results and discussion
During their evolution, plants developed mechanisms 
to recognize invading pathogens and trigger an effective 
defense response. At the same time, phytopathogenic 
organisms create mechanisms to evade and suppress 
those plant defense responses. Under such selective 
pressure, plants improve their defense mechanisms, so 
the phytopathogenic organism succeeds in causing the 
disease as an exception, rather than a regularity.

Plants are resistant to most pathogenic microorgan-
isms, due to a basal defense mechanism called innate 
immune system. This immune response is activated 
after the recognition of pathogen-associated molecu-
lar patterns (PAMPs), described as general inductors, 
which comprise proteins, peptides, carbohydrates and 
lipids. There are two pathways for activation of the plant 
immune system: the first uses pattern recognition recep-
tors, as that recognizing flagellin, which slowly respond 
to PAMPs. The second acts mainly within the cell and 
uses polymorphic nucleotide-binding site leucine-rich 
repeat proteins coded by most resistance genes.

Disease caused by the fungus R. solani in crops of 
economic importance, like potato, tomato, tobacco 
and rice, is a main limitation at the different stages of 
plant growth and severely affects production yields. 
Despite research to genetically improve these cul-
tures, there are no varieties showing stable resistance 
to this phytopathogen.

cDNA libraries with fragments of gene transcripts 
derived from N. tabacum, either induced or repressed 
during compatible or incompatible interaction with 
R. solani, were obtained by subtractive hybridization. 
Through overexpression and silencing, a gene coding 
for a N. tabacum protein kinase, called NtPK that could 
provide high resistance to R. solani was identified.

Quantification of R. solani biomass in 
infected tobacco plants
The first symptom of infection by the aggressive R. 
solani isolate was a small lesion soaked in water on 
the stalk, close to the ground line that rapidly became 
silver brown. The lesion continued to grow in the 
stalk and the leaves became brown until they died. 
Chlorosis in foliar areas was not evidenced until two 
weeks after inoculation. The fungal biomass gradu-
ally increased, while the fungus colonized the roots 
during compatible interaction, as quantified by real-
time polymerase chain reaction (PCR). After inocula-
tion of the non-aggressive R. solani isolate, no disease 
symptom was observed; while real-time PCR did not 
show any significant increase of fungal biomass in the 
compatible interaction.

Molecular identification and  
characterization of the tobacco NtPK 
gene
Four cDNA libraries were made, which contained the 
genes expressed during a compatible and an incompat-
ible interaction, after inoculation of the corresponding 
R. solani isolates. The sequences of the 122 differ-
entially-expressed clones were used to search for ho-
mologies in international databases by the BLASTX 
(version 5.1) and BLASTN (version 4.3) programs. 
Six genes were identified for further analysis, based 
on homology and expression during compatible and 
incompatible interactions.

These were only present in cDNA gene libraries 
expressed during incompatible interaction and, at the 
same time, they were in the cDNA gene library si-
lenced during compatible interaction. There was no 
coincidence of other genes with those of the analyzed 
libraries. This was the main criterion for selection. Of 
these, only one coded for a protein kinase (NtPK) and 
showed a high level of expression in the incompat-
ible interaction with respect to the compatible one in 
a separate experiment. 

Expression was induced for genes coding for cy-
tochrome P450, manganese superoxide dismutase, 
hydrolase, protein activated by mitogen and phos-
pholipase B, in comparison to non-infected controls. 
Nevertheless, expression levels were similar when 
compatible and incompatible interactions were com-
pared at the same analyzed times. For this reason, the 
gene coding for the protein kinase NtPK was selected 
for a more detailed study of its function.

In a comparison of amino acid sequences, NtPK 
was found to be highly homologous to a protein ki-
nase of N. tabacum (Q40547). Some regions of this 
protein were preserved between protein kinases of the 
analyzed plants. However, the N and C terminals of 
the studied proteins were not preserved between the 
examined species.
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Functional analysis of the tobacco 
NtPK gene for resistance to R. solani
The NtPK gene was expressed or silenced in tobac-
co plants, and the resulting transformant lines were 
treated with aggressive and non-aggressive R. solani 
isolates. In wild tobacco plants, this gene was induced 
or repressed during incompatible or compatible inter-
actions with R. solani, respectively. This confirmed 
the results of subtractive hybridization. High and low 
levels of gene transcription were observed in plants 
over-expressing NtPK or silencing it, respectively.

When plants over-expressing NtPK were inocu-
lated with an aggressive R. solani isolate, resistance 
drastically increased, demonstrating the relevance of 
this gene’s function for resistance against the phyto-
pathogen. Curiously, disease symptoms caused by a 
non-aggressive isolate were not severe in plants with 
the silenced NtPK gene, as compared to control plants 
inoculated with the same isolate and there was a high-
er percentage of disease incidence.

Plants with silenced ntpk gene and inoculated with 
an aggressive isolate showed a higher percentage of 
disease. Conversely, transformed plants that overex-
press the NtPK gene were highly resistant to the ag-
gressive R. solani isolate, as compared to the control 
and showing lower disease incidence.

Real-time PCR evidenced that the fungal biomass 
gradually increased in plant tissues of tobacco plants 
with a silenced ntpk gene and inoculated with a non-
aggressive isolate. With this technique, it was also 
possible to confirm that there was no significant in-
crease of the fungal biomass in tobacco plants over-
expressing the ntpk gene and inoculated with an ag-
gressive isolate.

Relative expression of genes related 
with disease resistance
The relative expression of several genes associated 
to disease resistance was evaluated in tobacco plants 
either overexpressing or silencing the ntpk gene. In 
the former, manganese superoxide dismutase, hsr203j 
and chitinase genes were highly and rapidly induced 
a week after inoculation. However, expression of β-1, 
3 glucanase and phenylalanine ammonia lyase genes 
reached maximum expression two weeks after inocu-
lation. All analyzed genes were differentially induced 
in plants overexpressing NtPK. The expression of the 
β-1, 3 glucanase genes was very similar in the two 
samples analyzed. Regulation of these genes involved 
in plant defense was also evaluated in interfering 
RNA (iRNA) lines with a silenced ntpk gene.

The genes coding for manganese superoxide dis-
mutase, hsr203j, chitinases and phenylalanine ammonia 
lyase were significantly induced in comparison to iRNA 
lines, during the incompatible interaction, with delayed 
or low expression levels. Expression of β-1, 3 glucanase 
was similar for iRNA lines and during incompatible in-
teractions. The genes coding for manganese superoxide 
dismutase, hsr203j, chitinases and phenylalanine am-
monia lyase could contribute to the disease resistance 
phenotype in N. tabacum plants, due to its fast and high 
level induction in tobacco plants over-expressing the 
ntpk gene and the lack of induction in iRNA lines.

In summary, the NtPk gene identified is involved in 
the defensive response of tobacco plants to R. solani. 
Therefore, it could be advantageously used in strat-
egies aimed at developing long-lasting resistance in 
cultured tobacco plants, either by marker-assisted se-
lection or other biotechnological methods.


