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Aim. The dynamics of expression of protective proteins (lectin and defensin) genes of different genotypes of
the winter wheat, affected by P. herpotrichoides, was investigated. Methods. RT-PCR was used for gene
expression analysis. Results. We established that the lectin mRNA content in control and infecting plants of
the resistant cultivar is considerably higher than in the susceptible one; the character of defensin mRNA
accumulation in the investigated cultivars, control and infecting plants, does not change. Conclusion. The
spare pool of lectin mRNA in the resistant cultivar is more substantial, than in the susceptible one, that is,
possibly, one of the factors of the plant resistance. Inability to support constantly a high level of the
protective genes expression seems to influence negatively on the  cultivar resistance .
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Introduction. Plant-pathogen biochemical
interactions under the infection process demonstrate
complicated regulatory linkage between these two
organisms. The investigation of these interactions on
the levels, ranging from the organism to a cell, testifies
to the activation of different mechanisms of pathogen
attack and plant defence, depending on the stage of
development of the disease. The resistance of plants to
pathogens is determined by complicated
interdependent systems, which are genetically
controlled. Antimicrobial compounds have the most

complicated mechanisms of defence, serving to
recognize and eliminate specific kinds of   pathogenic
cells attack.

Lectins, low-molecular proteins, are primary
substances, responsible for the process of recognizing a 
foreign agent, its binding, prevention  or slowing down
the infection process. They also participate in the
formation of plant immunity as a primary link of  
elicitor-induced launch of plant cell signalling systems. 
The hypotheses on the participation of lectins in plant
defence from pathogenic agents are proven by the data
on the capability of lectins to have specific interaction
with the surface of bacterial cells, of fungal spores and
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hyphae [1]; it results in incompatible or compatible
interaction of organisms which is revealed in  
induction or   absence of plants defence reaction to  the 
pathogen attack.

On the other hand, inherent immunity is
conditioned by the presence (or capability of quick
synthesis) of a certain number of antimicrobial
compounds and their activation at the exogenous
elicitor action [2]. One of the classes of such
compounds is plant defensins – minor peptides,
micromolar concentrations [3] of which demonstrate
antimicrobial activity against a wide spectrum of
phytopathogenic fungi as well as  agents of human
diseases [4, 5]. Besides, they launch signalling
cascades [6] and cause morphological changes in
fungal hyphae [7, 8].

Experimental data bring evidence to the expression
of plant defensins genes in response to fungal attack
which increases plants resistance to pathogenic agents
[9].

Since the active reactions to the attack of
pathogenic agents are usually connected with the
change in expression of genes, coding
pathogen-induced proteins [10], the aim of this work
was to study the dynamics of lectin and defensin genes
expression in the formation of immune response of
winter wheat cultivars (Triticum aestivum L.), differing 
in their level of resistance, which were affected by
eyespot agent (P. herpotrichoides (Fron) Deighton) at
early stages of ontogenesis.

Materials and Methods. The objects of study
were winter wheat (T. aestivum L.) seedlings of
susceptible to eyespotcultivar Mironivska 80
(Ukrainian selection), and seedlings of comparatively
resistant cultivar Roazon (French selection), selected
on the basis of literature data and resistance screening
of cultivars, previously performed [11]. Conidia
suspension with the initial titre (5–7)·104 conidia/ml
[11] of highly virulent strain 543 7/1
P. herpotrichoides (Fron) Deighton (synonym
Cercosporella herpotrichoides, teleomorph Tapesia
yallundae (Wallwork & Spooner), synonym
Oculimacula yallundae [12]) was used for infecting.
Fungi granted by the laboratory of agricultural plants
immunity to diseases, Institute of Plant Protection,
UAAS.

The expression of lectin gene WGA-B (B-lectin –
TaGLLc) and defensin gene (Tad1) was determined
using RT-PCR ( reverse transcription polymerase
chain reaction) [13]. The initial level of transcripts was
determined 24 hours after the start of first watering of
studied seeds – at the moment of inoculation with
conidia suspension. The following samples were
selected every 1.5 hour (for 6 hours). The seedlings
were fixed in liquid nitrogen and total RNA was
isolated by the method of acid-phenol extraction
according to the standard scheme [14]. The data on
nucleotide sequences of gene sequences of lectin and
defensin of T. aestivum were obtained from nucleotide
database of the National Center for Biotechnology
Information US (PubMed). Primers were selected
using Primer detection program (the most suitable
primers for lectin were 5'-gcatgagcatctt-cagctca-3',
5'-ctgtccaagacgacggacta-3'; for defensin –
5'-ttccgtttcctttacgtgct-3', 5'-atcagcaggtttgttggaac-3').
Oligonucleotide primers (Biolabtech company) were
used. The calculation of relative amount of gel pictures
was conducted using TotalLab program. The intensity of 
gel picture staining was calculated as a number of pixels, 
the data were registered in conventional units (c.u.).

To make sure that mRNA[s] of P. herpotrichoides
do not influence the results of RT-PCR of mRNA
expression of plant lectin and defensin genes during
infecting, we conducted separate RT-PCR of mRNA of 
studied genes of T. aestivum   fungal mycelium and
conidia. The absence of PCR products with cDNA of
lectin and defensin of fungus may be explained by the
fact that primers, selected for amino acid sequences of
plant nucleic acids, do not launch corresponding
synthesis with fungus cDNA. 

The results were statistically processed, they were
considered reliable at 5% error using Student’s criteria.

Results and Discussion. According to the data of
Lepekhin et al. [15], a considerable number of lectins
are synthesized during seed germination at early stages
of seedlings development. Besides, the application of
mRNA transcription inhibitor allowed to prove the  
existence of a pool of spare forms of lectin mRNA in
wheat germs [16] which promotes quick increase in  the  
lectin activity due to the synthesis of protein de novo.

Our research on the expression of lectin gene in
healthy seedlings of Mironivska 808 cultivar, sensitive
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to eyespot, demonstrated gradual accumulation of
mRNA during 6 hours of the experiment (Fig.1). It may 
be explained by the fact that the expression of
protective proteins genes occurs not only in   
conditions of pathogenesis or under the influence of
elicitors, but also in the course of normal ontogenesis
of plants – seeds germination, flourishing, and tissues
ageing. The induction of such stress molecules as
protective proteins, which are rather specific towards
phytopathogens, is considered to be the launch of a
mechanism of plants pre-adaptation to possible
infecting, as this stress factor considerably diminishes
life potential of plants and makes them more sensitive
to pathogen aggression [17].

There is a completely different picture in case of
infecting. At early stages of infection in the conditions
of development of defence response, there is an
increase in the activity of a series of enzymes in plants,
with the synthesis of mRNA and proteins de novo [18].
The fungi suppressors, inhibiting the resistance of
plants to infecting, are known to inhibit protective
biosynthetic activity of damaged tissues [19].
Immunosuppression is an inherent feature of
parasitism, and immunosuppressors are natural
antagonists of elicitors which induce sensitivity to
diseases in plant tissues. The research of Medvedeva et

al. [19] proves that the activity of suppressors is aimed
at inhibition of new proteins synthesis. It determines
the activation of tissues, induced by recognition of
pathogen plant. 

There are grounds for logical assumption that this
inhibition of new formation of protective proteins by
fungi suppressors also occurs either at the transcription
level proper, or at the level of signalling systems,
activating transcription. This may explain considerable 
decrease in the number of mRNA in infected seedlings
of susceptible Mironivska 808 cultivar 1.5 hour after
the start of infecting. In our opinion, subsequent
accumulation of mRNA is conditioned by the launch of 
other signalling systems, activating defence
mechanisms, namely, overcoming of suppressor effect
of a fungus by  the  plant. 

The research of dynamics of lectin mRNA number
in healthy seedlings of resistant Roazon cultivar
revealed insignificant fluctuation (not more than 8%)
of this index, which is explained by active growth
processes and biosynthesis of a large amount of other
proteins. Meanwhile, there is a tendency to gradual
accumulation of mRNA.

The study on the mRNA dynamics in infected
seedlings of the resistant cultivar demonstrated
insignificant decrease in mRNA content 1.5 hours 
later. Probably, it should   not be considered as  the 
inhibiting effect of fungal suppressors, i.e. it is possible 
that   first visible changes in the level of lectin mRNA
are registered 3 hours after the start of infecting. By that 
time the amount of lectin mRNA is 112% compared to 
the level at the infecting moment, and 4.5 hours later it
is as high as 128%. Therefore, the expression of lectin
gene and accumulation of mRNA occur in response to
the effect of pathogen.

The comparison of results on lectin mRNA
accumulation in wheat tissues of both sensitive and
comparatively resistant cultivars shows that this index
for Roazon cultivar is much higher than that for
Mironivska 808 cultivar both in the control and in case
of infecting: it is 2.6–3.8 and 2.9–4.7 times higher in
the control and during infection, respectively. It means
that a spare pool of lectin mRNA of the resistant
cultivar is much more substantial than that of the
sensitive one and can be one of the factors of cultivar
resistance.
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Fig.1 The change in the mRNA expression of lectin gene TaGLLC
in T. aestivum seedlings during infecting with P. herpotrichoides
according to the results of RT-PCR: 1, 2 – Mironivska 808 – control
and infecting, respectively; 3, 4 – Roazon – control and infecting,
respectively
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The study on the dynamics of the expression of
defensin gene in the seedlings of sensitive and
comparatively resistant wheat cultivars during
infecting with P. herpotrichoides revealed a different
picture. During the experiment there was decrease in
the amount of defensin mRNA in control seedlings of
the sensitive cultivar Mironivska 808, which is in
agreement with the data on the presence of
DNA-derivative transcripts in maturing and mature
seeds and on their almost complete absence in healthy
non-infected leaves [9] (Fig.2).

A considerable decrease (4-fold) in the amount of
defensin mRNA is observed in the seedlings of the
sensitive cultivar just 1.5 hours after the moment of
infecting, then it  gradually increases. But even 6 hours
after infecting it is 3 times lower than the initial value.
Probably, it may be explained by the  an  inhibiting
effect of immunosuppressors of pathogen on the
expression of defensin genes.

The analysis of the defensin mRNA content change 
in the seedlings of the resistant cultivar Roazon
demonstrated that there was no decrease in the number
of transcripts in the control during the experiment; on
the contrary, insignificant increase was observed. In
our opinion it is in agreement with the data of Terras et
al. [9] on the evacuation of defensins into the
environment during germination of seeds and

formation of its own micromedium, in which fungi
growth is inhibited. It is possible that pre-adaptation
synthesis of protecting protein and formation of
micromedium in the seedlings tissues of the resistant
cultivar is the  reason for both   high level of defensin
genes expression, and, probably,   formation of a spare
mRNA pool. 

During infecting there is a double decrease in the
amount of mRNA in the seedlings of   resistant cultivar, 
but the rates of restoring mRNA level are twice higher
than those   for the sensitive cultivar. Probably, the rate
of restoring  capability to express genes of protective
proteins is one of indices  determining the degree of
cultivar resistance.

 Comparison of the  results on accumulation of
defensin mRNA in wheat tissues of the sensitive and
comparatively resistant cultivars testifies to the fact
that the character of changes in this index is the same
for cultivars, different in their resistance, in both
control and   infection. However, the boundaries and,
therefore, fluctuations of absolute values for the
sensitive cultivar are broader than those for the
resistant one. In other words, in this case the inability to 
support constantly a high level of the protective genes
expression seems to have negative impact on cultivar
resistance.

Conclusions.  The dynamics of expression of lectin 
and defensin genes in seedlings of winter wheat
cultivars, different in their level of resistance, which
were infected with P. herpotrichoides, evidenced that
the  stress effect of phytopathogen changes the content
and ratio of studied transcripts of antimicrobial
substances, lectins and defensins,   genes in plant
tissues. The increase in expression of lectin mRNA was 
revealed in non-infected seedlings of studied cultivars.
This index is considerably higher in tissues of resistant
cultivar seedlings than that for the seedlings of the
sensitive cultivar both in control and during infection.
It means that a spare pool of lectin mRNA is much
more substantial for the resistant cultivar as compared
with sensitive one, which may be one of the factors of
cultivar resistance. 

The study on the dynamics of mRNA expression of
defensin gene in non-infected seedlings revealed that 
this index decreases for the sensitive cultivar, while  it
gets somewhat higher for the resistant one. During
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Fig.2 The change in the mRNA expression of defensin gene Tad1 in
T. aestivum seedlings during infecting with P. herpotrichoides
according to the results of RT-PCR: 2, 4 – Mironivska 808 – control
and infecting, respectively; 1, 3 – Roazon – control and infecting,
respectively
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infection the character of changes in this index is stable
for  the cultivars, different in their resistance. However, 
the boundaries and, therefore, fluctuations of absolute
values for the sensitive cultivar are broader than those
for the comparatively resistant one. In this case the
inability to support constantly a high level of the
protective genes expression seems to have negative
impact on cultivar resistance.

The changes and differences in mRNA content of
protective minor proteins of lectin and defensin in
tissues of wheat cultivars, different in their resistance,
which were revealed during infecting with eyespot
causative agent, characterize these proteins as a vital
constituent in the formation of adaptive reactions to
pathogenesis. The inhibiting effect of pathogen
immunosuppressors on the expression of protective
proteins genes determines the degree of induced
resistance of winter wheat plants to the pathogen
depending on the level of accumulation of mRNA of
minor protective proteins – lectins and defensins.

Â. Í. Áå ëà âà, Ñ. Á. Çå ëå íûé, Î. À. Ïà íþ òà, Í. Þ. Òà ðàí, Ï. Â.
Ïîã ðåá íîé 

Ýêñïðåñ ñèÿ ãå íîâ ëåê òè íà è äå ôåí ñè íà ó ñî ðòîâ ïøå íè öû Ìè -

ðî íîâ ñêàÿ 808 è Roazon ïðè èí ôè öè ðî âà íèè

Pseudocercosporella herpotrichoides

Ðå çþ ìå

Öåëü. Èññëå äî âàòü äè íà ìè êó ýêñ ïðåñ ñèè ãå íîâ çà ùèò íûõ áåë -
êîâ (ëåê òè íà è äå ôåí ñè íà) ðàç íûõ ãå íî òè ïîâ îçè ìîé ïøå íè öû,
ïî ðà æåí íûõ P. herpotrichoides. Ìå òî äû. Ýêñïðåñ ñèþ ãå íîâ
îïðå äå ëÿ ëè ïðè ïî ìî ùè ðå àê öèè RT-PCR. Ðå çóëü òà òû. Ñî äåð -
æà íèå ìÐÍÊ ëåê òè íà â êîí òðî ëå è ïðè èí ôè öè ðî âà íèè P.
herpotrichoides ó îò íî ñè òåëü íî ðå çèñ òåí òíî ãî ñî ðòà (Roazon) 
çíà ÷è òåëü íî âûøå, ÷åì ó âîñ ïðè èì ÷è âî ãî (Ìè ðî íîâ ñêàÿ 808).
Õà ðàê òåð ñî äåð æà íèÿ ìÐÍÊ äå ôåí ñè íà ó èñ ñëå äó å ìûõ ñî ðòîâ
â êîí òðî ëå è ïðè èí ôè öè ðî âà íèè íå ìå íÿ åò ñÿ, íî ãðà íè öû êî ëå -
áà íèé àá ñî ëþò íûõ çíà ÷å íèé ó âîñ ïðè èì ÷è âî ãî ñî ðòà øèðå.
Âû âî äû. Çà ïàñ íîé ïóë ìÐÍÊ ëåê òè íà ó ðå çèñ òåí òíî ãî ñî ðòà
ãî ðàç äî ìàñ ñèâ íåé, ÷åì ó âîñ ïðè èì ÷è âî ãî, ÷òî, âå ðî ÿò íî, ÿâ ëÿ -
åò ñÿ îä íîé èç ñî ñòàâ ëÿ þ ùèõ óñòîé ÷è âîñ òè ñî ðòà. Íåñ ïî ñîá -
íîñòü ïîä äåð æè âàòü ïî ñòî ÿí íî âû ñî êèé óðî âåíü ýêñ ïðåñ ñèè
ãå íîâ çà ùèò íûõ ñî å äè íå íèé íå ãà òèâ íî âëè ÿ åò íà óñòîé ÷è -
âîñòü ñî ðòà.

Êëþ ÷å âûå ñëî âà: ëåê òè íû, äå ôåí ñè íû, ìÐÍÊ, öåð êîñ ïî ðåë -
ëåç, ïøå íè öà.

Â. Í. Áå ëà âà, Ñ. Á. Çå ëå íèé, Î. Î. Ïà íþ òà, Í. Þ. Òà ðàí, 
Ï. Â. Ïîãð³áíèé 

Åêñïðåñ³ÿ ãåí³â ëåê òè íó òà äå ôåí ñè íó ó ñîðò³â ïøå íèö³ 

Ìè ðîí³âñüêà 808 òà Roazon çà ³íô³êó âàí íÿ Pseudocercosporella

herpotrichoides

Ðå çþ ìå

Ìåòà. Äîñë³äèòè äè íàì³êó åêñïðåñ³¿ ãåí³â çà õèñ íèõ á³ëê³â (ëåê -
òè íó òà äå ôåí ñè íó) ð³çíèõ ãå íî òèï³â îçè ìî¿ ïøå íèö³, óðà æå -
íèõ P. herpotrichoides. Ìå òî äè. Åêñïðåñ³þ ãåí³â âèç íà ÷à ëè çà
äî ïî ìî ãîþ RT-PCR. Ðå çóëü òà òè. Âì³ñò ìÐÍÊ ëåê òè íó ó êîí -
òðîë³ òà çà ³íô³êó âàí íÿ P. herpotrichoides ó â³äíîñ íî ðå çèñ òåí -
òíî ãî (Roazon) ñî ðòó âè ùèé, í³æ ó ñïðèé íÿò ëè âî ãî (Ìèðî-
í³âñüêà 808). Õà ðàê òåð íà êî ïè ÷åí íÿ ìÐÍÊ äå ôåí ñè íó ó äî-
ñë³äæó âà íèõ ñîðò³â ó êîí òðîë³ òà çà ³íô³êó âàí íÿ íå çì³íþºòü-
ñÿ, àëå ìåæ³ êî ëè âàí íÿ àá ñî ëþò íèõ çíà ÷åíü ó ñïðèé íÿò ëè âî ãî
ñî ðòó øèðø³. Âèñ íîâ êè. Çà ïàñ íèé ïóë ìÐÍÊ ëåê òè íó ó ðå çèñ -
òåí òíî ãî ñî ðòó íà áà ãà òî ìà ñèâí³øèé ïîð³âíÿ íî ç³ ñïðèé íÿò-
ëè âèì, ùî, ìîæ ëè âî, º îäí³ºþ ³ç ñêëà äî âèõ ñò³éêîñò³ ñî ðòó.
Íåç äàòí³ñòü ï³äòðè ìó âà òè ïîñò³éíî âè ñî êèé ð³âåíü åêñïðåñ³¿
ãåí³â çà õèñ íèõ ñïî ëóê íå ãà òèâ íî âïëè âàº íà ñò³éê³ñòü ñî ðòó.

Êëþ ÷îâ³ ñëî âà: ëåê òè íè, äå ôåí ñè íè, ìÐÍÊ, öåð êîñ ïî ðåëü îç, 
ïøå íè öÿ. 
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