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Peanut stunt virus symptom attenuation is associated with an unusual mutation in the virus
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Abstract

Plant viruses may behave differently in glasshouse than in nature, especially those that are naturally transmitted by
vector. Biological assays, as the oldest and still used virus detection methods, involve inoculation of host plant and
monitoring symptoms in glass- or green-house. While maintaining Peanut stunt virus (PSV) in glasshouse we came
across with symptom attenuation of PSV strain B (PSV-B) in Nicotiana benthamiana after eight successive passages.
To determine if any changes have occurred in the PSV-B genome, the virus particles were purified from the plant and
subjected to RNA extraction with phenol/ chloroform to remove the virus coat protein (CP), and followed by
precipitation with ethanol to purify the virus RNAs. Then, electrophoresis of the virus RNAs on agarose gel showed
that the RNA3 component of the PSV-B isolate was longer than that in the original reference PSV-B, suggesting
occurrence of insertion(s) in the RNA3. To confirm this observation, the full length cDNA corresponding to the RNA3
was synthesized by RT-PCR with the use of the 5’ and 3’ terminal primers which were designed according to sequences
of the PSV RNA3 terminal ends (accession PSU31366). The RT-PCR product was subjected to dideoxy cycle
sequencing and the sequence data was compared with the corresponding PSV RNA3 sequences. This revealed
occurrence of a 183- nucleotide repeat at the 3” untranslated region of the RNA3 and suggested an association between
this mutation (repeat) and the symptom attenuation. This emphasizes that in glasshouse studies, sequential passages of a
virus can lead to emergence of mutants. This observation also has implication as to plant protection because the mutated
variant may be used in cross protection.
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Introduction

Plant viruses may behave differently in
glasshouse than in nature. A biological assay is
based on inoculation of host plant with viral
inoculum and monitoring symptoms in glass- or
green-house. Peanut stunt virus (PSV) is a member

of the genus Cucumovirus in the family
Bromoviridae. This genus also encompasses
Cucumber  mosaic  virus (CMV) (e.g.,

Rakhshandehroo et al. 2021) with the broadest host
range amongst plant viruses. It is important on
plants especially on legumes as it causes
economical crop losses. PSV is transmitted by
aphids, seed and in glasshouse by mechanical
inoculation of infected sap.

PSV is a single-stranded positive-sense RNA
virus. A full description of Bromoviridae has been
published by Bujarski (2021). Accordingly, PSV
possesses three genomic fragments (tripartite) and
exists as three particles (triparticulate). RNAL and
RNA2 code for 1la and 2a proteins, respectively,
both being components of RNA-dependent RNA
polymerase (RdRp). The earlier contains the so-
called signatures methyl transferase and helicase

domains whereas the latter carries the GDD
domain. There is also a small overlapping open
reading frame (ORF) on RNAZ2 coding for 2b
protein that acts as a viral suppressor of RNA
silencing (VSR) and it is also required for long-
distance movement of the virus through phloem.
The virus RNA3 is discistronic, i.e. containing two
ORFs coding for the virus movement protein (MP)
and coat protein (CP), from 5' to 3' direction. There
IS an intergenic region between these two ORFs
which contains a promoter for the synthesis of the
CP subgenomic RNA known as sgRNA4. Not to
mention that the 2b protein is also expressed via a
subgenomic RNA namely sgRNA4A. However,
the other proteins including la, 2a and MP are
translated directly from the virus genomic RNAs.
In addition, all the genomic RNAs of PSV possess
end-groups, cap and tRNA-like structures at the 5'
and 3' ends, respectively, which are believed to
contribute to stability of the RNA. The tRNA-like
structure (TLS) is believed to act as a primer for
synthesis of complementary RNA strand during
replication of the virus.
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Figure 1. Genome organization of PSV, Courtesy of King et al. (2011).

There is evidence showing that under
glasshouse conditions viruses can go under greater
mutations than the normal mutation rate of virus
that occur in nature (e.g., Rodriguez-Cerezo et al.
1991). This is especially true when plant viruses

that are transmitted by vectors in nature are
propagated by infected sap and preserved actively
in glasshouse. Also, occurrence of a repeat in the
virus genome and attenuation of virus has been
reported for Japanese encephalitis virus (JEV).
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The aim of this study was to look at RNA3
sequence of an attenuated variant of PSV-B to
explore any changes may have occurred in it.

Materials and methods
Plant inoculations and virus purification

PSV-B was maintained in  Nicotiana
benthamiana  successively, i.e., when the
inoculated plant became older, leaf material from
such a plant was subjected to sap extraction and
inoculation on a 6-leaf-stage N. benthamiana plant.
The extraction was prepared in 0.1 M potassium
phosphate buffer pH 7.4 and rubbed with a gloved
hand on carborundum-dusted leaves. The
inoculated leaves were washed with spray water 10
min after inoculation and the plants were kept in
glasshouse and the development of symptoms was
monitored on an every-other-day basis up until 2
weeks from inoculation.

The attenuated variant was purified according
to Ghabrial et al. (1977) and the purified
preparation was subjected to phenol-chloroform
extraction to release viral RNA, and followed by
precipitation by ethanol. The released RNAs were
run on a low-melting agarose gel and the RNA3
was purified from gel.

cDNA synthesis, cloning and sequence analysis
The cDNA library representing RNA3 from
attenuated PSV-B was synthesized using
components of the Amersham cDNA synthesis kit.
Poly(A) tail was added enzymically to the RNA3
by treatment with poly(A) polymerase (Sippel
1973) and synthesis of first strand cDNA was
primed with oligo(dT):s. The second strand was
synthesized according to Gubler and Hoffman
(1983). Double-stranded (ds) cDNA was blunt-
ended with T4 DNA polymerase and ligated into
Smal-linearized pUC119. Selection of ampicillin-
resistant cDNA clones containing inserts was made
by blue/ white colony screening on X-Gal/IPTG

medium (Green & Sambrook, 2012).

Multiple independent cDNA clones of
appropriate size were used for sequencing by
dideoxy cycle sequencing method (Sanger 1977).
At least two independent clones were sequenced
from both orientations for each region of the
cDNAs. BioEdit software (Hall 1999) was used to
align and compare nucleotide (nt) and deduced
amino acid sequence identities (and amino acid
sequence similarities) between RNA3s of the
attenuated variant of PSV-B and previously
reported PSV-B sequences.

RNA secondary structure analysis

The sequences for 3'UTR right after the CP
region respective to nucleotides 1888-2161
(accession PSU31366) containing the 183-
nucleotide repeat (1888-2069) or lacking the repeat
(ordinary 3'UTR sequence) were separately
subjected to RNAfold Web Server (Lorenz et al.
2011) with the default settings.

Results

The symptoms with so-called wildtype PSV-B
included severe mosaic, curling of leaf edges, and
stunting whereas the attenuated PSV-B exhibited
only mild mosaic.

Electrophoresis of extracted genomic RNAs
from particles of attenuated PSV-B revealed that
its RNA3 was larger than that of wildtype (hon
mutated) PSV-B. By cloning and subjecting the
RNA3 cDNA to sequencing and sequence analysis
it was shown that there was a 183-nt repeat at the
3UTR (Figure 2). When the 3' UTR region
sequence from the attenuated and normal PSV-B
were subjected to secondary structure analysis at
RNAfold web server it came out that these two
variants of PSV-B had quite different structures so
that the repeated 3'UTR from the attenuated variant
was much more structured compared to the normal
strain (Figure 3).
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Figure 2. An alignment generated by GeneDoc (Nicholas & Nicholas 1997) representing 3'UTR of PSV-B RNA3 from
normal strain (PSV-B 3'UTR) and attenuated variant (PSV-B 3'UTR R). The repeated 183 nt stretch does not exist in

the normal strain.

Figure 3. Secondary structures at the 3'UTR of PSV-B RNA, left: normal strain, right: attenuated variant with a 183 nt

repeat.

Discussion

In this study a variant of PSV-B with
attenuated symptoms on N. benthamiana was
subjected to sequencing and RNA secondary
structure analyses. The attenuated variant
exhibited a 3'UTR region crowded with several
additional stem loops (Figure 3) compared to that

of the ordinary strain of PSV-B. This cucumovirus
possesses TLS at the 3'UTR. The significance of
TLS for virus genome translation and replication
have been reported for Brome mosaic virus
(BMV), as another member of Bromoviridae, and
also for Turnip yellow mosaic virus (TYMV) of
Tymoviridae (Bastin & Hall 1976; Dreher 1999

J Aopl Res Plant Prot

$




Sokhandan Bashir N, Antifungal activity of tobacco Osmotin expressed in ... 163

cited by Rao & Kao 2015). It has been
demonstrated that the regulation of BMV RNAs
translation by the TLS is possibly done by helping
to recruit ribosomes to provide efficient
translation and to regulate the timing of
translation and replication (Barends et al. 2004).
Moreover, it has been reported that mutation at
the 3' UTR of the potyvirus Tobacco vein mottle
virus (TVMV) is associated with attenuation of
the virus symptom. Putting together all these
findings, it can be suggested that occurrence of
the 183-nt repeat in PSV-B 3'UTR might interfere
with the replication and/ or translation of PSV.
Accordingly, the TLS at 3'UTR involves with the
virus RNA polymerase to synthesize the opposite
RNA strand. But, by the occurrence of further
structures at the PSV-B 3'UTR as a result of the
repeat, the association of TLS with the enzyme
may somehow be compromised so that less virus
protein products are produced. In studies with
JEV (Zhang et al. 2022) and Tobacco vein
mottling virus (TVMV) (Rodriguez-Cerezo et al.
1991) it has come out that virus quantity in the
plant infected with the attenuated variant is not
significantly reduced in comparison with non-
attenuated variants. Whether or not this is the case
for the PSV-B remains to be answered by further
investigation. However, occurrence of the further
structures at the 3' UTR and the symptom
attenuation seems to be associated. This study
signifies a consequence of repeated passages of
plant virus in glasshouse which is manifested as
attenuation of symptoms and occurrence of
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