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Introduction
Plants respond to virus infection with a number of structural, physiological and 

genetic modifications, which lead to disease development. The process of disease de-
velopment in plants is still not fully understood, but two models have been proposed: 
the competitive model, where the viruses compete with the host for resources and the 
interaction model, where the disease develops as a consequence of viral components 
interfering with host processes [8].  In case of systemic infections the viruses dramati-
cally affect photosynthesis, respiration and carbohydrate synthesis [16; 31]. 

The contribution of viral infection to the enhancement of somatic and meiotic re-
combination, resulting in rearrangements that could, potentially, be transmitted to the 
next generation, has been recognized [5; 20]. According to the previous data, it was 
established that viral infection can contribute to chromosome breaks [3; 24], modifica-
tion of chromatin condensation [24], activation of transposing elements [9], cell prolif-
eration and gene expression [14; 18; 29]. 

Exposure of maize plants to Barley stripe mosaic virus seems to activate transpos-
able elements and to cause mutations in the non-infected progeny of infected plants 
[20]. The induction by the Barley stripe mosaic virus of an inherited effect means 
that the virus has a non-cell-autonomous influence on genome stability. The authors 
reported a threefold increase of homologous recombination frequency in both infected 
and non-infected tissue of tobacco plants with either tobacco mosaic virus or oilseed 
rape mosaic virus. A similar increase in DNA recombination was also observed in the 
progeny of the infected plants, indicating that pathogen-induced recombination can 
lead to heritable adaptations to environmental stresses [11].

A lot of researches regarding plant viruses, reveal that the character of systemic 
symptoms of virus infection in plants is determined by the expression of both host and 
virus genes. The consequences of viral infection are highly variable, thereby leading to 
a continued lack of understanding of these effects.  

The goal of the study was to analyze the expression levels of superoxide dismutase 
(SOD) and ascorbate peroxidase (APX) genes, involved in antioxidant metabolism and 
of pathogenesis-related proteins (PR-3, PR-5, PR-10) in barley plants derived from 
susceptible cultivars to Barley stipe mosaic virus. 

Materials and methods
Biological material. The experiments were performed on spring barley (Hordeum 

vulgare L.) cultivars Galactic, Sonor and Unirea. Seeds were obtained from healthy 
(mock-inoculated that served as control variant) plants and infected mechanically with 
barley stipe mosaic virus (BSMV) (virus variant). BSMV is a virus with straight tu-
bular particles, with segments of about 22 nm in diameter and of three length (100-
150 nm). The genome is represented by single-stranded RNA molecules, comprising a 
functionally tripartite genome. The plants at the 2 leaves stage were infected two times 
at 2-days interval with inoculum of BSMV using carborundum powder. Inoculum was 
obtained by grinding leaf tissue in distillate water (1:2). Initially, extract was prepared 
from field-grown barley plants that presented symptoms specifically to those induced 
by BSMV and showed positive response to negative staining test [15]. The seeds col-
lected from diseased plants served as materials for further evaluation. 
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The seeds were sown in pots filled with a mixture of soil, peat and sand with six 
each (three pots for each experimental variant) and grown in controlled conditions 
(Sanyo chamber). Samples (0,3 – 0,5 g from the middle part of the youngest, but fully 
developed leaf) at the 3th leaf stage were collected, frozen in liquid nitrogen and stored 
at -800C for further analysis. 

RNA isolation and Reverse Transcription PCR. Total RNA was isolated using 
TRI Reagent (Applied Biosystems) according to the manufacturer’s instruction. The 
RNA quantity and quality was assessed spectrophotometric (λ 260/280 nm) and by 
electrophoresis in MOPS-formaldehyde 1,4% agarose gel.

The samples were treated with RQ1 DNA-ase (Promega) to remove the residual 
DNA. First-strand cDNAs were synthesized from 0,6 μg total RNA using Oligo(dT18), 
random hexamer primers (Fermentas) and RevertAid Reverse Transcriptase (Fermen-
tas) according to the manufacturer’s instructions.

Real Time PCR analysis. Five genes were selected for investigations (table 1): 
superoxide dismutase (SOD, GenBank: AK252295), ascorbate peroxidase (APX, Gen-
Bank: AJ006358) and pathogenesis-related (PR) proteins: PR-3 (GenBank: AJ276226), 
PR-5 (GenBank: AJ276225), PR-10 (GenBank: AJ220734). As reference gene was 
used α-tubulin (GenBank: Y08490) [33].

Table 1. Characteristics of primers and amplicons
Gene Sequence Lenth of specific amplicons, bp

α-tubulin 5´-TCCATGATGGCCAAGTGTGA-3´
5´-ATGTCGCTTGGTCTTGATGGT-3´ 126

SOD 5´-CCGAAGATGAAATCCGCCAT-3´
5´-CGGCCAATGATTGAATGTGG-3´ 126

APX 5´-CGGAGCTTTTGAGTGGTGACA-3´
5´-CCGCAGCATATTTCTCCACAA-3´ 107

PR3 5´-AGTTGGCCTTGACAAGAAGCG-3´
5´-CGCATAACGTCAAGGACGAAG-3´ 104

PR5 5´-ACGACATCTCGGTTATCGACG-3´
5´-TTATTGCCACTGCAGGCGT-3´ 153

PR10 5´-CTAGGGTGTTCAAGACGGA-3´
5´-CCCTGAGCTTCGCCACACA-3´ 122

qRT-PCR was performed with Maxima SYBR Green/ROX qPCR Master Mix 
(Fermentas) on a DTprime Real-time cycler (DNA-Technology, Russia) with the fol-
lowing cycling parameters: 10 min at 950 C, 5 cycles of 10 s at 950C, 20 s at 640 C, 40 
cycles of 15s at 950 C, 40 s at 600C. The specificity of PCR products was verified by 
dissociation curve analysis and agarose gel electrophoresis 2% in TAE buffer [26]. The 
experience was carried out in triplicate independent cDNA synthesis (for each sample 
of RNA) and in double repetition qPCR (n = 6). The relative expression was calculated 
via the 2−ΔΔCt method [21].

Statistical analysis of the experimental data was performed according to Clever 
[7].

Result and discussion
In barley progenies obtained from virus infected plants the activity of Apx and Sod 

was in decline in most variants. A no statistically deviation was established only for the 
expression of Apx in cv. Sonor (table 2). 

Similarly, no changes in activity of SOD were detected in the early response to local 
lesion-producing Tobacco mosaic virus in tobacco [17]. According to the Clarke et al. 
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[6], in symptomless virus–plant interactions, the activity of SOD decreased.  Reactive 
oxygen species, especially hydrogen peroxide, and callose have similar patterns of in-
duction in plants inoculated with mild and aggressive virus isolates [30]. 
Table 2. Transcriptional activity of studied genes in barley leaves in healthy and progeny 

of virus infected plants

Gene Genotype
Treatment

Control Virus

Sod

Sonor 0,5175±0,0443 0,3543±0,0387*

Galactic 0,7675±0,0719 0,6317±0,0760*

Unirea 0,5772±0,0339 0,4643±0,04203*

Apx

Sonor 0,3183±0,0379 0,3327±0,05 49

Galactic 1,8255±0,4343 0,9937±0,1761*

Unirea 0,8307±0,0856 0,5433±0,0250*

PR-3

Sonor 0,0947±0,0091 0,0065±0,0012*

Galactic 0,7102±0,0624 0,1712±0,0137*

Unirea 0,0297±0,0046 0,0333±0,0065*

PR-5

Sonor 0,197±0,0219 0,0513±0,0053*

Galactic 0,1638±0,0236 0,7525±0,0665*

Unirea 0,1065±0,0133 0,3043±0,0286*

PR-10

Sonor 0,0142±0,0017 0,0025±0,0005*

Galactic 0,0446±0,0044 0,0155±0,0016*

Unirea 0,0173±0,0029 0,0202±0,0035*
* - significant difference from the control at P<0,05.

Susceptible plants respond to viral infection by activating of some genes, includ-
ing pathogenesis-related proteins (PR) [32]. If initially, it was considered that PR pro-
teins associated with plant response against viruses by local lesion, then after more 
researches, has been established that PR proteins can be synthesized in tobacco plants 
systemically infected with tobacco mosaic virus [13]. Subsequently, similar data were 
found for other hosts which have exhibited sensitivity to various viruses [32].

The results of the present study showed a general up- or down-regulation effect of 
transcriptional activity of PR-3 and PR-10 genes in dependence of genotype.  The sig-
nificant decrease of the PR3 activity was established for treated variants of cv. Galactic 
and cv. Sonor (93% for cv.Sonor and 76% for cv. Galactic, respectively less than in the 
control). A similar tendency was find and for PR10 activity (fig. 2). 

The up-regulation of genes related to pathogenesis was reported for PR5 for all 
treatment variants. The highest increase (by 4,6 times) was detected for cv. Galactic. 
According previous cytogenetically studies this genotype present more plasticity. It is 
know, that the PR-5 is related to stress mediated by jasmonate or ethylene signaling 
pathway [19].   Their activity in young plant in normal condition is less, but in case of 
pathogenesis significantly increases [28]. Also, PR10 exhibit ribonuclease, and PR-3 - 
chitinase activity, which are more specific.

The role of different types of PR proteins remains unclear. PR proteins with peroxi-
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dase activity (type PR-9) or ribonuclease (type PR-10) is involved in antiviral protec-
tion while the PR-3 promotes infectious process [32].

It is considered that the accumulation of PR proteins depends on the viral strain. 
The RNA-ase activity was most critical in case of acute symptoms. Similarly, β-1,3-
glucanase activity is elevated in soybean plants that experienced serious symptoms 
against mosaic virus comparative to the symptomless plants [1]. According to the elec-
trophoretic spectrum of PR proteins in extracts of Datura stamonium healthy and in-
fected with strains of potato virus X plants were found only quantitative differences, 
which proved to be dependent on the viral strain vulnerability [cited from 32].

It is known that plant viruses are capable of reprogramming host gene expression 
provided evidence of a possible connection between this phenomenon and the patho-
genicity of viruses by reporting a correlation between the intensity with which infec-
tion interrupts the expression of cellular genes (‘shut-off’) and the severity of viral 
symptoms [25].

Previous research on the susceptible interaction of potato and PVYNTN showed 
changes in the cytokinin level in inoculated leaves [10]. In addition, photosynthesis 
related genes and genes involved in perception, signaling and defence response were 
shown to be involved in the early response to virus inoculation [2].

Differential gene expression in chlorotic tissues infected with the wild-type pepo 
strain of Cucumber mosaic virus (CMV) and two strains carrying coating proteins mu-
tants with diverse chlorosis severity showed that CMV inoculation appeared to have 
similar effects on the transcriptional expression profiles of the symptomatic chlorotic 
tissues, and only the magnitude of expression differed among the different CMVs [23]. 
Gene ontology analysis with biological process and cellular component terms revealed 
that many nuclear genes related to abiotic stress responses, including responses to cad-
mium, heat, cold and salt, were up-regulated, whereas chloroplast- and photosynthesis-
related genes (CPRGs) were down-regulated, in the chlorotic tissues. 

For susceptible race cultivars to Rice tungro spherical virus (RTSV) was found that 
about 11% and 12% of the genes in the entire genome were differentially expressed. 
Nearby 30% of the differentially expressed genes (DEGs) were detected commonly for 
two virus strains (TN1 and TW16) [27]. The authors related that stress response proc-
esses were significantly overrepresented in both TN1 and TW16. Evident differences 
between strains included defense and development-related genes regulated in asympto-
matic plants even with a very low level of RTSV, and that the TN1- and TW16-specific 
gene regulations might be associated with regulation of RTSV accumulation in the 
plants.

Barley (Hordeum vulgare L.) has a physical map of 4.98 Gb, with more than 3.90 Gb 
anchored to a high-resolution genetic map, projecting a deep whole-genome shotgun 
assembly, complementary DNA and deep RNA sequence data onto this framework sup-
ports 79,379 transcript clusters, including 26,159 ‘high-confidence’ genes with homol-
ogy support from other plant genomes [22].

Druka et al. [12] described the expression of genes in 15 tissues at different ontoge-
netic stages. By applying Barley1 GeneChip platform it was described 18,481 gene 
transcripts present more than twice in at least one tissue. The number of genes ex-
pressed in a single tissue varies between 10 189 in the anther and 14 805 in crown. The 
expression of about 14,943 genes may vary more than 4 times, and the other 3, 538 
being constituent.

For evaluated virus-host system were established evident modifications in tran-
scriptional activity of genes including: (1) suppression of genes involved in antioxidant 
metabolism; (2) activation or suppression of genes for jasmonate synthesis or chitinase 
activity in dependence of genotype specificity; (3) up-regulation of genes for stress-
related transcription factors such as PR10.

According Boyco and Kovalchiuc [4], infection with a compatible virus result in 
activation of various signals such as small RNAs, what spread systemically from the 
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place of infection to non-infected tissues, including those that form the gametes. The 
signal results in a loss or gain of DNA methylation at the specific loci, effect transmit-
ted to the immediate progeny.

The obtained results evolved the complexity of the pathogenic process and reveal 
that the plant defenses against viral infections are diverse as form.

Fig. 1. Electropherograms of amplification products of the primers for gene
A - α-tubulin, B - Sod, C - Apx, D - PR3, E – PR5, F – PR10 in control (1, 11, 20) and virus (2, 12, 21) leaves of barley 
genotype: I) Galctic, II) Sonor, III) Unirea.

Conclusions
Were established the quantitative deviations in expression levels of some genes in 

leaves of barley seedlings of cultivars Galactic, Sonor and Unirea obtained from plants 
infected with barley stripe mosaic virus.

The activities of genes involved in antioxidant metabolism (APX and SOD) were 
decreased in most variants of barley virus infected progenies. The expression of the 
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Apax gene was reduced by about 35-46% for cv. Galactic and Unirea, while the activity 
of Sod gene was less influenced by viral infection, conducting to the diminution by 18 
to 31% (for cv. Galactic and Sonor respectively).

The relative expression of genes for pathogenesis-related proteins was significantly modi-
fied in studied pathogen-host systems.  The obtained data showed up- or down- regulation of 
PR3 and PR10 in dependence of genotype, whereas for PR5 was reported only the up-regula-
tion effects for all treated variants.  Thus, the expression of PR5 gene was by 2.8 and 4.6 times 
higher in progeny of cv. Unirea and Galactic obtained from plants infected with BSMV.
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