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Virus provenance

Potato rough dwarf virus (PRDV, genus Carlavirus) was originally described
in Argentina by Butzonitch et al. [1]. Potato virus P (PVP) had been reported
previously in Brazil [3] and also catalogued as a member of the genus Carlavirus
[5]. PRDV presents frequent asymptomatic infections, and when symptoms ap-
pear, causes dwarfism, leaf deformation, leaf roughness, and systemic interveinal
chlorosis [5]. Until now, PVP has been reported to be asymptomatic [5]. Nicotiana
occidentalis has been used as propagation host and inoculated mechanically at
the 3—4 leaf stage with sap from infected leaves from original virus sources
(cv. Sierra Volcan INTA for PRDV and from cv. Baronessa for PVP). Previous
results using double antibody sandwich enzyme-linked immuno-sorbent assay
(DAS-ELISA) [2] showed cross-reactions in PVP-infected plants with anti-PRDV
and vice versa [1].

Biological and RNA sequence comparison

Artificial inoculations were performed in indicator plants and potato cultivars indi-
vidually with each virus for the purpose of comparing them. Observed symptoms
were associated with virus presence detected by DAS-ELISA. Symptomatology of
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PVP and PRDV in indicator plants was almost identical. Minor differences were
observed in two independent trials with N. occidentalis, where plants infected
with PRDV showed systemic interveinal (sivc) and leaf deformation (Id), while
the ones infected with PVP also presented leaf roughness (Ir), these being the
first PVP symptoms reported (Table 1). All potato cultivars were infected by PVP
and PRDV as detected by ELISA, with the exception of Calén INTA, which
was infected with PRDV, but not with PVP (Table 1). Despite this evidence, no
symptoms were observed in primary infection in any of the ELISA-positive plants.
However, plants obtained from infected tubers (secondary infection) of Primicia
INTA and Sierra Volcdn INTA showed symptoms with PRDYV, but not with PVP
(Fig. 1, Table 1). This is in agreement with previous observations on PRDV-
infected plants that only showed symptoms two or three generations after primary
infection (M. Colavita, pers. comm.). Cross-reactions were always detected using
anti-PRDV in PVP-infected plants and vice versa (data not shown).

A partial genomic sequence of PRDV was determined from clones of a cDNA
library made using an Universal RiboClone® cDNA Synthesis System (Promega,
USA; [4, 6]). Comparison of PRDV clone sequences with complete genomes from
related members of the genus Carlavirus [B1ScV, NC_003499; LSV, NC_005138]
revealed that they correspond to the genes encoding the coat (CP), 11 kDa, repli-
case, and triple block proteins (Fig. 2). Primers were designed to amplify ho-
mologous PVP regions by PCR amplification from purified viral single-stranded
RNAs. The compared amino acid (aa) sequences comprised 47 aa from the 3’ end
of CP with a stop codon at nucleotide 142 (nt); the second ORF, corresponding
to the 11-kDa protein, spanned 106 aa from a methionine start codon (in position
137 nt) to a stop codon (318 nt downstream). Consequently, an overlap of 8 nt that
defined a frame shift between CP and the 11-kDa protein genes was found. Six
nucleotide changes were found in the 11-kDa protein gene, and three of them
were silent. Consequently, the 11-kDa protein presented 98% aa identity between
PRDV and PVP. The CP nucleotide sequences showed 100% similarity between
both viruses. The 915-bp amplified fragment corresponding to the replicase gene
showed two nt differences, one being silent, resulting in 99% aa similarity. The
complete sequences of the TGB1 and TGB3 genes and a fragment of 276 bases
corresponding to the TGB2 gene presented a 100% identity between PVP and
PRDV. Overall, we have found that the amino acid sequence identity between
PRDV and PVP was 99.5%.

Based on results on host range, similarity of symptoms and sequence compar-
ison and following the criteria of Tsuneyoshi et al. [7] in classifying two Allium
carlaviruses (SLV and GLV), we suggest that PRDV and PVP should be recognized
as strains of the same virus species. Complete sequence comparison of PRDV and
PVP will ultimately determine the real relationship between these viruses.

Sequences for the coat and 11-kDa proteins for PVP has been deposited in
the GenBank database under accession number DQ023270. Replicase and TGB
gene sequences were deposited in GenBank database (www.ncbi.nlm.nih.gov)
under accessions DQ022557, DQ022558, DQ211578, DQ211579 for PRDV and
DQ211580, DQ375244, DQ375245, DQ375246 for PVP.




Table 1. Results of the visual symptoms and DAS-ELISA for differential hosts and potato
varieties. Lines in gray indicate differences observed between PRDV and PVP

DIFFERENTIAL HOST SYMPTOMS ELISA
PRDV PVP PRDV PVP
Nicotiana xanthi n/s n/s - -
Nicotiana clevelandii n/s n/s + +
Nicotiana occidentalis sive/ld sive/ld/Ir + +
Nicotiana benthamiana n/s n/s - -
Nicotiana tabacum cv samsun n/s n/s - -
Nicotiana bigelovii n/s n/s + +
Nicotiana tabacum cv white burley nls n/s - -
Nicotiana glutinosa n/s n/s - -
Nicotiana debneyi n/s n/s + +
Nicotiana rustica n/s n/s - -
Nicotiana edwardsonii n/s n/s + +
Nicotiana megalosiphon sive sive + +
Chenopodium album n/s n/s - -
Physialis floridana n/s n/s - -
Physialis angulata n/s n/s - -
Datura metel n/s n/s + +
Datura stramonium n/s n/s + +
Petunia hybrida n/s n/s + *
S. lycopersicum cv “seyhene” n/s n/s - -
S. lycopersicum cv “rutger” n/s n/s - -
Nicandra physaloides n/s n/s + +
SYMPTOMS ELISA
POTATO VARIETIES
PRDV PVP PRDV PVP
G1 G2 G1 G2 G1 G2 G1 G2

Bintje n/s n/s n/s + + +
Calén INTA n/s n/s n/s & - -
Frital INTA n/s n/s n/s + + +
Kennebec n/s n/s n/s n/s + o+ + +
Primicia INTA n/s d/ild/Ir  n/s n/s + o+ + +
Sierra Volcan INTA n/s d/id/lr  n/s n/s + o+ + +
Spunta n/s n/s n/s + + +
Symbols: d: dwarfism blank cells: not tested

Id: leaf deformation +: ELISA positive

Ir: leaf roughness —: ELISA negative

sivc: systemic interveinal chlorosis G1: first generation

n/s: no symptoms G2: second generation
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Fig. 1. A Sierra Volcdn INTA infected with PVP (left, symptomless) and PRDV (right, with
symptoms) and B Primicia INTA infected with PVP (left, symptomless) and PRDV (right,
with symptoms)
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Fig. 2. Schematic representation of the genomic organization of the PRDV and PVP RNA
encoding the viral RNA-dependent RNA polymerase (RdRp), triple block proteins (TGBs),
coat protein (CP), and 11-kDa protein (ORF6)
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