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The effect of complete or partial inactivation of p19 and p41 proteins with
nuclease activity on the level of viral infection of TBSV

Annotation. The TBSV P19 protein is a plant RNA interference suppressor.
The study of the mechanism of action of the TBSV P19 protein as a protective
strategy of the virus has an important role in understanding the interaction of two
organisms in the struggle for survival. The P19 protein, encoded by the Tomato
bushy stunt virus (TBSV), is a potent suppressor of RNA-interference and plays an
important role in the infection of plants with Nicotiana benthamiana virus.
Expression of the P19 protein leads to complete plant collapse, which leads to more
pronounced virus damage.

Keywords. Tomato bushy stunt virus (TBSV), virus, capsid protein, RNA
interference, Nicotiana benthamiana, virion, suppressor protein, recombination.

TBSV is a soil-borne pathogen, but it is also easily tolerated by mechanical
leaf inoculation of a wide variety of experimental plants. It is believed that the
spread of TBSV occurs in several ways: 1) it enters the drainage waters of soils
where plant crops are grown; 2) with wastewater - when people eat contaminated
raw vegetables, the virus passes unharmed through the human digestive tract into
the sewer. Despite outbreaks and subsequent crop losses caused by some tombus
viruses, TBSV is generally not considered an economically dangerous plant
pathogen. This may partly explain why tomatoes do not have genetic resistance
against TBSV, although gene versus gene resistance has been observed in some
experimental host plants of other genera.

Since the early 2000s, the biological, physicochemical, ultrastructural and
molecular properties of TBSV and other tombus viruses have been studied in detail.
Such reviews prove that TBSV and other tombus viruses have served as very useful
models in structural biology to study the expression and replication of genes of
viruses with + RNA, as well as to explain the biochemical principles of viral
movement and its pathogenicity. Studies of the structural aspects of TBSV gene
silencing suppressors demonstrate a possible biochemical mechanism of some of
the biological and pathogenic properties of TBSV.

From previous studies, it was found that the symptoms of infection with
wild-type TBSV and P19 mutants (157) had similar phenotypic characteristics,
however, the complete or partial absence of P19 leads to plant recovery after
inoculation due to delayed accumulation of sgRNA 2.

Earlier, the derivatives of GFP TBSV - RMJ-1, RMJ-3 were obtained [1],
where the expression of the GFP protein, which was replaced by the capsid protein

CP - P41 TBSV, is an indirect indicator of the development of infection in

inoculated local leaves of Nicotiana benthamiana, which clearly illustrates the
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dependence of expression viral proteins on the dose-dependent level of P19 (Figure
1) [2,3].
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Figure 1 - Genome organization of the wild-type Tomato Bushy Stunt Virus
and its mutants.

Materials and methods. The object of the study was the wild-type TBSV
(Tomato Bushy Stunt Virus) phytopathogenic virus from the Tombusviridae family,
as well as the model plant Nicotiana benthamiana.

Plant growing conditions

N. benthamiana plants will be grown in a greenhouse under long day
photoperiod conditions (16 hours light / 8 hours dark), at a relative humidity of 75-
80%. Temperature fluctuations - from 20 to 27 0C. To illuminate the growth room,
lamps with a spectrum of 2700 K and 6400 K will be used. To illuminate the
growth chamber, the observation was made at a resolution of 2, 3, 7 and 10 dpi
using a portable ultraviolet lamp. Photos will be taken with a Nikon camera in both
normal and ultraviolet light. The GFP signal will be quantified using ImageJ
software. Leaf samples will be collected at 7 and 15 dpi for further molecular
analysis.

In vitro transcription

In vitro transcription was performed according to the protocol kit (T7
polymerase transcription, Promega). A reaction mixture was prepared containing 5
pl of transcription buffer, 0.5 pl of RNAzin, 1.5 pl of tfNTP mix, 1 pg of linear
DNA, 15 pl of water without RNase, 1 pl of T7 RNA Polymerase. This mixture
was incubated for 1 hour at 37 ° C. Detection of transcripts was carried out using
agarose gel electrophoresis using ethidium bromide, followed by visualization
under a Vilber Lormat gel documenting device (France).

Inoculation of plants with viral material
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At the age of 30-35 days, the selection of plants was carried out, the main
criterion of which is the same size of plants to comply with equal experimental
conditions. Selected groups of plants were photographed for documentation.

Viral transcripts and buffer for inoculation were applied to the surface of the
leaves of the middle layer in a volume of 100 pl for each plant. The inoculation
buffer consisted of 10 mM sodium phosphate buffer pH 6.9 and saltite. On the
surface of the leaves, with the help of silite, light movements were applied to
mechanical damage, through which the viral RNA penetrated into plant cells.

After completion of inoculation, control and infected plants were kept under
the same conditions, but in separate locations to avoid contamination.

Conclusion. This work aimed to analyze the effect of the restoration of the
P19 and P41 genes in Nicotiana benthamiana plants by double inoculation with
RNA transcripts of the recombinant constructs TBSV - 157 and RMJ-1, RMJ-3. In
the course of experiments, it was established that the lack of energy consumption
for the assembly of the complete capsid protein allows an increase in the speed and
strength of infection in inoculated leaves. A truncated fragment of P41 in RMJ-1,
RMJ-3, when co-inoculated with wt TBSV and 157, leads to the spontaneous
assembly of virus-like capsid particles. Therefore, co-inoculation has a recombinant
effect resulting in the restoration of the capsid protein in TBSV-derived GFPs.
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