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Abstract The complete genome sequence of sunflower
ring blotch virus (SuRBV), a previously undescribed
potyvirus infecting sunflower in Argentina, is reported. The
SuRBV genome comprises 9555 nucleotides (nt) and
encodes a polyprotein of 3061 amino acids, flanked by 5’
and 3’ untranslated regions of 117 and 255 nt, respectively.
Phylogenetic analysis showed that SURBV belongs to the
potato virus Y (PVY) subgroup and clusters together with
sunflower chlorotic mottle virus and bidens mosaic virus.
Percentage nucleotide identity between the whole genomes
of SuRBV and BiMV was 70.6%, suggesting SuRBV
should be considered a distinct species in the genus
Potyvirus.

Sunflower (Helianthus annuus L.) is the second most
widely cultivated oilseed crop in Argentina, with more than
1,200,000 hectares planted annually [7]. Two potyviruses
have been reported and characterized infecting sunflower
in Argentina: sunflower chlorotic mottle virus (SuCMoV)
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[6], which belongs to the potato virus Y (PVY) subgroup
[4], and sunflower mild mosaic virus (SuMMoV) [8]. In
this study, the complete genome sequence of a new and
distinct potyvirus species infecting sunflower plants in
Argentina was determined.

In 2012, ring blotch symptoms (Supplementary Fig-
ure 1) were observed in sunflower fields located in the
northeast region of Argentina. Potyvirus-like particles were
observed under electron microscopy in a crude sap prepa-
ration taken from infected plants (data not shown). Sun-
flower leaf extracts from symptomatic plants were
mechanically inoculated on to healthy sunflower seedlings,
which then showed similar symptoms to those observed in
the field samples. The presence of a potyvirus in symp-
tomatic plants was tested and confirmed by enzyme-linked
immunosorbent assay (ELISA), using potyvirus group
antiserum (Agdia, Elkhart, IN). However, none of the
symptomatic plants tested positive when analysed by
ELISA using specific antiserum to SuCMoV or SuMMoV
(data not shown).

A pool of leaves from five symptomatic sunflower plants
inoculated with sap from field-infected plants was used for
total RNA extraction using Trizol reagent (Life Tech-
nologies, USA), according to the manufacturer’s instruc-
tions. Total RNA (5 pg) was sent to INDEAR (Genomics
and Bioinformatics Platform, INDEAR Inc., Rosario,
Argentina) for cDNA synthesis from polyadenylated RNA,
followed by deep sequencing using Illumina HiSeq 1500.

The reads of the full-length genome were de novo
assembled using the Mira v 4 assembling method with a
coverage of 14,984 reads/nt. Maximum-likelihood (ML)
phylogenetic trees were obtained by using PhyML software
v3.0 (Guindon and Gascuel 2003) [9]. A ML bootstrap
analysis (1000 replicates) was used to evaluate the
robustness of the phylogenetic grouping. Recombination
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Fig. 1 Schematic representation of the genome organization of
SuRBV. Untranslated regions (UTR) are represented by lines, and
the large open reading frame (ORF) is depicted by an open box. The
putative cleavage sites in the polyprotein are indicated below the
genome, as well as the cleavage sites of other closely related viruses
(see Fig. 2 legend for virus acronyms). Those amino acids which

analysis was performed using the programs GENECONYV,
RDP, Bootscan, MaxChi, Chimaera, 3Seq, and SiScan
packaged in the software RDP4 [11] using default settings.

The complete genome sequence of sunflower ring blotch
virus (SuURB V) was found to consist of 9555 nucleotides (nt),
excluding the 3’ poly(A) tail, witha 5’ UTR of 117 ntand a 3’
UTR of 255 nt (GenBank accession number KX856009).
The major putative ORF starts at nt 118 and ends at nt 9300,
encoding a large polyprotein of 3061 amino acid (aa) resi-
dues (Fig. 1). The putative cleavage sites in this polyprotein,
targets for the viral-encoded proteinases, were identified
according to the conserved cleavage sites predicted by
Adams et al. [1] and bioinformatically yielded all 10 of the
characteristic potyviral proteins with estimated sizes of 284,
456, 365, 52,634, 52, 188, 244, 519 and 267 aa (for P1, HC-
Pro, P3, 6 K1, CI, 6 K2, VPg, Nla, NIb and CP, respec-
tively). Several conserved potyvirus motifs were identified
in the SURBV polyprotein, i.e. 2°FIVRG*®” was present in
P1, *FRNK*® and >**PTK>* motifs were found in HC-Pro
[10, 14], and '***GSGKSX;P'*?, ~'33'DECH'**,
1360 ATPP!3%*, 14Oy ATNIIENGVTL'*"! and "%8QRL
GRVGR "' were also found in the CI protein. Other motifs
were detected in the NIb and CP proteins: 2°*°GDD?**® in
NIb, and ***’DAG**”* and **"*WCIEN*'® in CP [15]. A
putative protein PIPO (81 aa) with the conserved consensus
nucleotide sequence GAAAAAAA [5] was also found
within the SURBV P3 gene between nucleotides 2847 and
3089.

A BlastP search of the complete, deduced sequence of
the polyprotein encoded by SuRBV revealed that it shared
the highest amino acid identities with polyproteins encoded
by members of the PVY subgroup of the genus Potyvirus.
Comparison of the complete genome sequence of SURBV
with other select PVY subgroup members showed a
nucleotide identity ranging from 62.3% to 70.6% (Sup-
plementary Table 1), which is below the threshold value
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differ from the SURBV cleavage sites are marked in red. The numbers
indicate the predicted amino acid position for each mature protein in
the polyprotein. The putative protein PIPO is indicated by the small
box above the P3 protein (PIPO-encoding ORF not shown) (color
figure online)

used to discriminate between species and strains (76%)
within the genus Potyvirus [3]. However, comparison of
the SURBV CP coding region with those of bidens mosaic
virus (BiMV), SuCMoV, PVY and pepper severe mosaic
virus (PepSMV) showed that the deduced amino acid
sequence identities were above the species demarcation
threshold of 80%. The amino acid sequences of the
remaining coding regions of SURBV were unambiguously
below the threshold for species demarcation estimated by
Adams et al. [2], with the exception of the VPg coding
region (Supplementary Table 1). These results suggest that
the complete genome sequences, rather than the CP coding
region, should be used as a criterion for species demarca-
tion of closely related potyviruses, as was suggested by
Adams et al. [2] and Romay et al. [12]. Furthermore,
analysis of the polyprotein cleavage sites showed differ-
ences between SURBV and closely related viruses (Fig. 1),
which is another criteria established by the ICTV [3] to
demarcate species between distinct potyviruses.

The phylogenetic relationship between SuRBV and the
other potyviruses is illustrated in a phylogenetic tree based
on multiple alignments of the deduced amino acid sequence
of the entire polyprotein (Fig. 2), which shows that SURBV
clusters together with BiMV and SuCMoV within the PVY
subgroup. These results provide clear evidence of species
demarcation, consistent with the pairwise sequence com-
parisons shown in Supplementary Table 1, and suggest that
SuRBYV, BiMV and SuCMoV could have a common ances-
tral origin that also includes PVY and PepSMV. No evidence
of recombination was detected between SURBV and other
members of the PVY subgroup.

The data obtained in this study suggest that this recently
discovered sunflower-infecting virus represents a distinct
species in the genus Potyvirus, which we have tentatively
named “Sunflower ring blotch virus”. Furthermore this
new potyvirus is closely related to the PVY subgroup
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Fig. 2 Phylogenetic tree based on the alignment of the deduced
amino acid sequences of the polyprotein of SURBV and representative
members of the genus Poryvirus. A maximum-likelihood phyloge-
netic tree was obtained using the PhyML software (LG+I14+G+F
model). The values on the branches show percentage support (out of
1000 bootstrap replications); only bootstrap values (%) above 50 are
shown. The scale bar indicates the number of substitutions per site.
The viruses used to construct the tree and their accession numbers are:
arracacha mottle virus (AMoV; DQ925486), bidens mosaic virus
(BiMV; KF649336), bidens mottle virus (BiMoV; AF538686),
brugmansia mosaic virus (BruMV; JX874139), lettuce mosaic virus
(LMV; AJ306288), pepper mottle virus (PepMoV; EU586128),

members SuCMoV and BiMV, which infect Asteraceae
and were isolated in South America [4, 13].
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