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Abstract: Perennial woody plants can be infected by a wide range of viruses and viroids.
During infection, the plant's defence system, the RNA interference (RNA1), the highly effective
and specific defence reaction of the host, is induced. Throughout their evolution, viruses have
developed strategies to block this defence process in various ways. One of these strategies
involves the encoding of proteins that function as viral suppressors of RNA interference (VSR).
In our study, we examined the potential RNAIi silencing suppressor activity of P21 proteins of
little cherry virus-1 (LChV-1) from different host plants (cherry and apricot) and of P4 of peach-
associated luteovirus (PaLV). Our results revealed that the P21 protein of LChV-1apricot strain
displayed systemic VSR activity, whereas the P4 protein of PaLV showed only weak local
suppressor activity.
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Osszefoglalas: Az éveld fasszara novényeket sokféle virus és viroid fertézi. A fertdzés soran a
novény védekezorendszere, az RNS interferencia indukalodik, mely igen hatékony é&s
specifikus. A virusok evolucidjuk sordn olyan stratégidkat fejlesztettek ki, melyekkel ezt a
védekez0 folyamatot kiilonb6z6 mdodon képesek blokkolni. Ilyenek, a legtobb novényt fertézo
virus altal kédolt, viralis RNS csendesitést gatlo, szupresszor fehérjék (VSR.). Kutatasunk célja
VSR fehérjek keresése €s jellemzése a cseresznye aprogyiimolcsiiség virus 1 (little cherry virus-
1 - LChV-1) és az Oszibarack-asszocialt luteovirus (peach-associated luteovirus - PalV)
kiilonboz6 gazdandvényeket fert6zo variansaiban. Eredményeink alapjan megéllapithato, hogy
a LChV-1 P21 fehérje kajszibol izolalt variansa szisztemikus VSR aktivitdst mutatott, mig a
PaLlV P4 fehérjéje gyengén és csak lokalisan volt képes gatolni az RNS interferenciat.

Kulcsszavak: Velarivirus; Luteovirus; LChV-1; PalV; virdlis szuppresszor, agroinfiltralas

1. Introduction

During viral infection, the plant's defence system, the RNA interference, is induced. It is a
conserved, sequence-specific eukaryotic gene regulation mechanism (Covey et al., 1997).
During evolution, viruses have evolved different VSR proteins that can block this defence
reaction (Csorba et al., 2015). VSRs can inhibit the production or activity of siRNAs in the
infected tissue (local silencing), and/or their spread to systemic leaves (systemic silencing)
(Burgyan and Havelda, 2011).

LChV-1 is a member of the Velarivirus genus in Closteroviridae family of plant viruses. It
has a single-stranded positive-sense RNA genome of 16—17 kb and includes eight open reading
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frames (ORFs). Together with little cherry virus 2 and X-disease phytoplasma, it is associated
with the little cherry disease. LChV-1 can infect sweet and sour cherry and other Prunus species
such as almond, peach, plum and apricot (Barath et al, 2018). VSR activity of ORF7 of a Greek
sweet cherry strain encoding P21 was tested positive previously (Katsiani et al., 2017).

PaLV is a member of the genus Luteovirus, formerly belonging to the family Luteoviridae,
and has recently been re-assigned to the family Tombusviridae (Miller & Lozier, 2022). The
virus was detected in peach, flat peach and nectarine and described from Hungary (Barath et
al., 2018). The PaLV genome is single-stranded positive-sense RNA of 5-6 kb and includes six
ORFs (Khalili et al., 2023). Based on previous studies, the P4 protein of barley yellow dwarf
virus-PAV (BYDV-PAV), a member of the same genus to which PaLV belongs, acts as a VSR
(Fusaro et al., 2017).

The aim of this study was to investigate the possible local and systemic silencing suppressor
activity of P21 protein of LChV-1 (apricot and sour sweet cherry strain) and P4 protein of PaLV.

2. Materials and Methods

The transient gene expression system is a well-established method for characterizing VSRs
(Voinnet & Baulcombe, 1997). The potential VSR coding regions of LChV-1 and PaLV isolates
were cloned into a BinHA binary plasmid using In-fusion method. The resulting recombinant
BinHA constructs were transformed into the Agrobacterium tumefaciens (strain C58C1) by
triparental mating and then infiltrated into 3-week-old Nicotiana benthamiana leaves together
with a GFP expressing construct in 0.4 :0.6 ratio (Hamilton, 2002). The GFP fluorescence signal
of the infiltrated leaves (local silencing, 3,5 days post inoculation (dpi)) and whole plants
(systemic silencing, 20 dpi) were examined visually under UV light. The level of GFP and
tested protein expression was determined by Western blotting while the level of GFP mRNA
expression was determined by real-time PCR.

3. Results and Discussion

3.1. Assaying LChV-1 encoded P21 for silencing suppressor activity

The ORF7 of LChV-1 has a possibility to encode a shorter and a longer protein. In the sweet
cherry strain investigated before only a short P21 protein is translated and found to act as a VSR
(Katsiani et al., 2017). In the reference genome of LChV-1, an ORF7 encodes a P21 protein that
is 181 amino acids long. In contrast, our isolates, specifically the sweet cherry strain 'Alex' and
apricot strain 'Magyar kajszi,' exhibit a longer version of P21, with an additional 50 amino acids,
alongside the shorter variant. Moreover, the short P21 version in the apricot strain is 6 amino
acids longer than its counterpart in the cherry variant.

In this research, we amplified both a short (S) and a long (L) form of P21 from sweet cherry
(Prunus avium ’Alex’) (Ch) and apricot (Prunus armeniaca ’Magyar kajszi’) (Ap) infected by
LChV-1 strains to compare their possible VSR in both local and systemic silencing suppression
assays. We used the well-characterized VSR, P19 from Tomato bushy stunt virus (TBSV) as a
positive control, and BinHA empty plasmid for negative control.

The LChV1-P21 variants showed a weak, transient local VSR activity that could be detected
only visually (Figure 1A) through the mild increase in GFP fluorescence when compared to the

control empty vector. However, these differences were not detected in molecular analysis
(Figure 1B, C).
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This contradicts with a previous report that P21 from LChV-1 has local VSR activity
(Katsiani et al., 2017), but could be explained by differences of the P21 proteins originating
other LChV-1 isolates (Figure 1.).
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Figure 1. (A) Local silencing suppression assays of LChV-1 short and long P21 protein of cherry and apricot
isolates. (B) Quantitative real-time PCR for GFP mRNA expression measurement. (C) Western blot analysis of
GFP protein

Some VSRs, such as the apple chlorotic leaf spot virus (ACLSV) P50, suppress systemic RNA
silencing without interfering with local silencing (Yaegashi et al., 2008). To find out whether
P21 of LChV-1 can inhibit systemic RNA silencing, we tested its activity in a systemic silencing
suppression assay (Figure 2).
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Figure 2. (A) Systemic silencing suppression assays of LChV-1 short and long P21 protein of cherry and apricot
isolates.(B) Percentage of plants with systemic silencing. (C) Percentage of leaves with systemic silencing
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Plants (n=10) and leaves were scored for the appearance of systemic silencing daily till 20dpi.
The spread of the silencing signal was detected through the emission of red light resulting from
chlorophyll fluorescence. Absence or minimal presence of red veins under UV light indicates a
suppressor effect of the protein. In contrast to the negative result in the local silencing assay
P21 apricot variants, both short and long proteins, showed mild suppression activity in the
systemic silencing assay delaying the movement of the silencing signal. This activity was
detected not only in decrease of the number of the plants showing the silencing signal (Figure
2B), but also in decrease in the number of the leaves with red veins (Figure 2C).

3.2 Assaying PaLlV encoded P4 for silencing suppressor activity

Based on previous studies on BYDV-PAV (Fusaro et al., 2017), a close relative to PaLV, we
investigated VSR activity of two variants of P4 proteins, differing in 11 amino acid, encoded
by different strains of PaLV identified in ’Aranycsillag3’ (Acs3) and ’Elvira’ (Elv) cultivars.

In the local silencing suppression assay (Figure 3), both P4 *Acs3’ and "Elv’ proteins showed
a slightly stronger GFP fluorescent signal than the negative control (empty vector BinHA)
(Figure 3A). The increase in the GFP signal could be detected, both by RT-qPCR and western
blot analysis (Figure 3B, C).
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Figure 3. (4) Local silencing suppression assays of PaLV P4 isolates Acs3 and Elv. (B) Quantitative real-time
PCR for GFP mRNA expression measurement. (C) Western blot analysis of GFP protein

In the systemic silencing suppressor activity assays, P4 *Acs3’ and ’Elv’ variants failed to show
VSR activity compared to the controls in the percentage of plants showing systemic silencing
(data not shown).

4. Conclusions

In our study, we aimed to identify proteins with potential viral suppressor activity in two
different Prunus infecting viruses. Based on our results, the P21 of LChV-1 isolate from apricot
displayed mild systemic VSR activity, in both case of short and long variants. However, local
silencing activity was not observed in either P21 variants. In the future, we plan to repeat the
study using another GFP variant as silencing inducer, suited for detecting weak RNA silencing
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suppressors (Mann & Dietzgen, 2017). P4 of luteoviruses can act as a viral suppressor, what
was found also in case of PaLV: P4 protein showed only weak local but no systemic silencing
activity. PaLV is usually present in asymptomatic trees which are frequently infected with other
viruses. Its weak potential VSR activity can explain its latent presence. Its effect on the host
and its role in co-infection with other viruses in terms of synergetic effects, is still unclear and
needs further investigation in the future.
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