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Abstract: Viruses cause epiphytotics on all major cultures of agronomic importance,

representing a serious danger to global food security. As strictly intracellular pathogens,
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they cannot be controlled chemically and prophylactic measures consist mainly in the

destruction of infected plants and excessive pesticide applications to limit the population
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of vector organisms. An alternative antiviral strategy is associated with the use of microbial

enzymes, which are less toxic and are readily decomposed without accumulation of harmful
substances. Plant-growth promoting microorganisms (PGPR), especially endophytic strains,
or their communities can promote plant defence against viral diseases via producing
ribonucleases, which are capable of degrading viral RNA.
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Viruses cause epidemics in all major crops, threatening
global food security. The development of efficient and du-
rable resistance able to withstand viral attacks represents a
major challenge for agrobiology. Currently, viruses cannot
be controlled with chemical pesticides, since known anti-
viral compounds are hazardous to people’s health, such as
teratogenic ribaverine (1,beta-D-ribofuranosyl-1,2,4-triazole-
3-carboxamide), which significantly reduced TSWV content
in tomato and tobacco plants, via blocking RNA-replication.
At present, practical control measures include monitoring
and chemical control of the vector causing the viral disease
to reduce yield losses. In addition, viral resistance breeding
is limited by the absence of resistance genes. Transformation-
based genetic engineering is restricted due to a large amount
of time required for crossing in the field and environmental
safety issues in many countries (Paudel, Sanfacon, 2018). The
application of systemic acquired resistance with non-specific
elicitors or PGPR to manage viral diseases was recognized as
a promising tool (Lee, Rui, 2016).

Hypersensitive response (HR), systemic acquired resis-
tance (SAR), and elaboration of the gene-for-gene resistance
response are contemporary immune response paradigms that
were discovered more than 50 years ago (Mandadi, Scholthof,
2013). Accumulation of PR proteins is an integral component
of innate immune responses in plants during viral attack. The
PR-10 family, plant RNAses, are ubiquitous proteins that
have been identified in a number of dicot and monocot plant
species. They are small, slightly acidic and resistant to prote-
ases. PR-10 proteins are classified as intracellular PR (IPR)
proteins and are present in the cytoplasm because they lack
signal peptide (Jain, Kumar, 2015). Thus, phosphorylation
leads to enhanced ribonucleolytic activity against viral RNAs
upon Tobacco mosaic virus (TMV) infection showing direct
involvement of ribonucleolytic activity in plant defense (Park
etal., 2004). For buckwheat varieties with different resistance
to the Buckwheat burn virus (BBV), a positive correlation
between resistance to virus and RNase activity was shown,
the authors have analyzed two varieties, Roksolana and Kara-
Dag (Sindarovska et al., 2014). Trifonova et al. (2018) have

proposed to use of the level of RNase activity in potato leaves
as a selective marker for resistance to viruses.

Interestingly, Loring (1941) has shown, for the first time,
the reversible inactivation of TMV by exogenous crystal-
line ribonuclease and a decrease in the number of lesions on
Nicotiana glutinosa and Phaseolus vulgaris leaves infected
with RNAse-treated TMV. However, there is not a single
preparation based on this technology, probably due to the
lack of a “delivery agent”. Transformation-based genetic
engineering was the first step towards solving this problem.
Thus, approximately one third of tobacco transgenic lines
containing betasatellite DNA associated with cotton leaf curl
disease and barnase of B. amiloliquefaciens gene constructs
were shown to be completely resistant to Tomato leaf curl
virus (TLCV) infection. There was no expression of barnase
in the absence of TLCV, but upon infection of the cell with
the virus, release of the betasatellite/split barnase cassette
as a replicating molecule results in the reconstitution and
expression of an active barnase gene and the destruction of
the infected cell (Pakniat-Jahromy et al., 2010).

Thus, transgenic soybean lines constitutively expressing
the double-strand RNA specific ribonuclease gene PAC1 from
Schizosaccharomyces pombe exhibited less severe symptoms
and enhanced resistance to Soybean mosaic virus (SC3 SC7,
SC15, SC18 and SMV-R strains), and three isolates of Bean
common mosaic virus (BCMV), Watermelon mosaic virus
(WMYV), and Bean pod mottle virus (BPMV) relative to WT
plants (Yang et al., 2019).

Ribonuclease Cas13a was shown to provide immunity to
a bacteriophage in Escherichia coli by interfering with the
MS?2 lytic ssRNA phage (Qi et al., 2013). CRISPR/Cas13a
showed interference against green fluorescent protein (GFP)-
expressing TuMV in lines of Nicotiana benthamiana. Northern
blots showed a clear reduction in the accumulation of the
TuMV-GFP RNA genome using the crRNAs targeting HC-Pro
or GFP2, indicative of targeted degradation of the TuM V-GFP
genomic RNA via CRISPR/pCas13a (Aman et al., 2018).

Sugawara et al. (2016) generated transgenic Nicotiana taba-
cum plants expressing heterologous bovine pancreatic RNase.
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Higher RNase levels in the apoplast resulted in increased
resistance to both CMV (Bromoviridae, Cucumovirus) and
TMV (Virgaviridae, Tobamovirus), indicating a role of RNA-
hydrolyzing enzymes in non-specific plant antiviral response.

Research over the past decades provided substantial advanc-
es in the field of plant-miccrobe and plant-virus interactions.
Remarkably, the advent of studies of plant interactions with
plant-growth promoting rhizobacteria (PGPR), in particular,
endophytic strains, has recently offered new strategies exploit-
able in the field.

So, it suggests the need for a search for biocontrol agents
that combine the follow properties: a) integrated biocidal ac-
tivities to spreading harmful organisms; b) the ability to induce
plant immune reactions; c¢) environmental safety. Therefore,
plant growth-promoting bacteria (PGPB), in particular, endo-
phytic PGPB, which belong to a beneficial and heterogeneous
group of microorganisms, are of great interest (Khalaf et al.,
2018; Abdalla et al., 2017).

Endophytic microorganisms live within the tissues of plants
without causing any symptoms of disease. Endophytes should
be a treasured biological resource for plant protection against
pathogens and pests. Bacterial endophytes have an advantage
over bacteria inhabiting the rhizo- or phyllosphere, since living
within a plant’s tissues represents an opportunity to always
be in “contact” with the plant’s cells and, therefore, to more
readily exert a direct beneficial effect on plant hosts, and to
reduce the influence of the environmental conditions on PGPB.
It was shown (Araujo et al., 2015) that a number of Bacillus
strains have fungicidal, insecticidal, aphycidal (Aratjo et al.,
2015; Yangetal., 2017) and growth-promoting activities (Pie-
terse et al., 2014), synthesize antibiotics and biosurfactants
(De Vleesschauwer, Hofte 2009), promote induced systemic
resistance (ISR) against pathogens and pests (Rashid, Chung
2017). There is a wealth of data on endophyte influence
on plant viability, and the most recent are investigations of
the problem of artificial plant microbial community on the
basis of growth-promoting bacteria (Moronta-Barrios et al.,
2018).

The PGPR Bacillus polymixa and Pseudomonas fluorescens
mix with chitosan application delayed symptom development
and reduced disease severity as well as the titer of Squash
mosaic virus (SqQMV) at the generative phase of cucumber
plants (Firmansyah et al., 2017). The mixture containing
B. amyloliquefaciens IN937a, B. pumilus SE34 and B. pumi-
lus T4 promotes tomato and papaya plants’ resistance to To-
mato chlorotic spot virus (TCSV) and Papaya ringspot virus
(PRSV-W), respectively (Abdalla et al., 2017).

For instance, Piriformospora indica (Hymenomycetes:
Basidiomycota), an endophytic root-colonizing fungal spe-
cies, has been shown to repress Pepino mosaic virus (PMV),
which is found widely in tomato greenhouses in many parts
of the world, especially at high light intensities (Fakhro et
al., 2010). Replication of Iris yellow spot virus (IYSV) was
significantly reduced in endophytic fungus Hypocrea lixii-
colonized onion plants as compared to endophyte free plants
(Muvea et al., 2018). Arabidopsis thaliana ecotype columbia
plants (Col-0) treated with S. marcescens 90-66 and B. pumi-
lis strain SE-34 significantly reduced the symptom severity
caused by Cucumber mosaic virus (CMV) (Ryu et al., 2004).

In a study by Harish et al. (2008), two endophytic bacterial
strains belonging to Bacillus spp. (EPB22) and Pseudomonas
spp. (EPB5) promoted banana resistance against Banana
bunchy top virus (BBTV).

Bacteria, fungi and their metabolites can bind and destruct
viral particles directly, through the synthesis of proteases,
nucleases and lipopeptides. To date, 20 extracellular nucleases
which have been characterized for Bacillus spp. B. amylolique-
faciens, B. pumilus and B. licheniformis produce extracellular
RNAses, called ‘barnase’, ‘binase’ and ‘balifase’, respectively
(Ulyanova et al., 2011, 2016; Ilinskaya et al., 2018). Among
endophytic bacteria which were isolated from plants of the
family Cucurbitacea, 73 % of Bacillus spp., 27 % of Pae-
nibacillus spp., 30 % of Enterobacteriaceae, all isolates of
Cronobacter, Pantoea, Microbacterium and Staphylococcus
showed RNAse activity (Khalaf, Raizada, 2018).

Bacillus pumilus ribonuclease possesses antiviral activity
against plant RNA-viruses RCMV (Red clover mottle virus),
PVX (Potato virus X) and AMV (Alfalfa mosaic virus).
The maximum inhibitory effect against actively replicating
viruses is observed when plants are treated with the enzyme
at a concentration of 100 ug/ml prior to infection (Sharipova
etal., 2015).

Bacillus cereus ZH14, which was isolated from Chinese
Anxi oolong tea, secreted antiviral substances having 94.2 %
virus inhibition when the bacterial culture filtrate and TMV
extract were mixed at a ratio of 1:1 and had the ability to
degrade ribonucleic acid (Zhou et al., 2008).

Thus, the search for endophytic microorganisms that can
produce RNAses directly in plant tissues is a promising area
of the development of the set of activities required to for
defending plants against viral diseases.
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