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Analysis of the coding-complete genomic sequence of groundnut
ringspot virus suggests a common ancestor with tomato chlorotic

spot virus

Soledad de Breuil"? - Joaquin Caiiizares® - José Miguel Blanca® - Nicolis Bejerman'~ -
Verénica Trucco' - Fabidn Giolitti' - Peio Ziarsolo® - Sergio Lenardon'

Received: 19 February 2016/ Accepted: 24 May 2016/ Published online: 3 June 2016

© Springer-Verlag Wien 2016

Abstract Groundnut ringspot virus (GRSV) and tomato
chlorotic spot virus (TCSV) share biological and serolog-
ical properties, so their identification is carried out by
molecular methods. Their genomes consist of three seg-
mented RNAs: L, M and S. The finding of a reassortant
between these two viruses may complicate correct virus
identification and requires the characterization of the
complete genome. Therefore, we present for the first time
the complete sequences of all the genes encoded by a
GRSV isolate. The high level of sequence similarity
between GRSV and TCSV (over 90 % identity) observed
in the genes and proteins encoded in the M RNA support
previous results indicating that these viruses probably have
a common ancestor.

The family Bunyaviridae comprises five genera:
Orthobunyavirus, Hantavirus, Nairovirus, Phlebovirus and
Tospovirus. Members of the genus Tospovirus are the only
plant-infecting viruses of the family [18]. The tospovirus
genome includes three RNAs, referred to as large (L),
medium (M) and small (S). The L RNA is in the negative
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sense, while the M and S RNAs are ambisense. The L RNA
codes for the RNA-dependent RNA polymerase (RdRp),
also called L protein, and the M RNA codes for the pre-
cursor of two glycoproteins (GPp) and a non-structural
protein (NSm). The S RNA codes for the nucleocapsid
(N) protein and another non-structural protein (NSs). NSm
and NSs have been shown to function as a movement
protein and silencing suppressor, respectively [27]. The
three genomic RNAs are tightly linked to the N protein to
form ribonucleoproteins (RNPs). These RNPs are encap-
sidated within a lipid envelope consisting of the two virus-
encoded glycoproteins (Gn and Gc) and a host-derived
membrane.

Tospoviruses are distributed worldwide and include
many economically important viruses that infect crops as
well as weeds and native plants [17]. The genus takes its
name from tomato spotted wilt virus (TSWV), which was
discovered in Australia in 1915 and remained the only
member of the family until after 1990, when genetic
characterization of plant viruses became more common and
other distinct members of the genus Tospovirus were
identified species [9]. Species demarcation criteria for
tospoviruses include genome structure and organization,
molecular relationships of their N genes, and biological
properties such as vector transmission (thrips) and host
range. Of these, N protein amino acid (aa) sequence rela-
tionships are mainly used as the major descriptor for the
establishment of new tospovirus species and for classifi-
cation within different geographical groups. An identity
level of 90 % is currently accepted as the species demar-
cation criterion [18].

The genetic diversity within and among tospoviruses has
always been a subject of intense study. Previous studies
suggest the possibility that viruses belonging to the family
Bunyaviridae are the result of natural reassortments [5],
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and several authors have discussed the possibility of nat-
ural reassortment events occurring among members of the
genus Tospovirus. Most studies have focused on reassort-
ments among isolates of TSWV [12, 15, 25, 26], but
Webster et al. [28] provided evidence of the occurrence of
a natural reassortant in Florida (USA) between two tos-
poviruses classified as members of different species:
Groundnut ringspot tospovirus and Tomato chlorotic spot
tospovirus. This reassortant was designated as LgMtSg
because its genome is composed of the L and S RNAs
coming from GRSV and the M RNA coming from TCSV
[28]. Subsequent studies showed that LgMtSg is wide-
spread in vegetable-production regions of South Florida,
and it was then detected in South Carolina and Long Island
(New York) [29]. The authors point out that this finding
may be due to a higher negative selection being imposed on
the M genomic RNA of these viruses, or it may be due to a
more distant reassortment event between TCSV and
GRSV. The presence of GRSV and TCSV has also been
reported in other regions of South and Central America and
the Caribbean [1, 17]. However, the lack of detection of
non-reassorted GRSV isolates and the limited number of
fully sequenced genes of GRSV and TCSV available in the
GenBank database makes it difficult to determine which of
these hypotheses is correct.

In this work, we present the results obtained from the
analysis of the coding regions of the genome of an
Argentinian GRSV isolate in order to help clarify the
mechanism of molecular evolution of tospoviruses, and we
discuss aspects involved in its taxonomic classification.

A naturally infected peanut plant displaying symptoms
characteristic of a tospovirus infection (plant stunting,
smaller and distorted leaves showing severe chlorosis and
concentric ringspots) was collected in a commercial peanut
field in Coérdoba province (Argentina), maintained in a
glasshouse at 20-24 °C, and used in the analysis described
below. The presence of GRSV was confirmed by enzyme-
linked immunosorbent assay (ELISA) and antigen-capture
(AC) reverse transcription polymerase chain reaction (RT-
PCR). ELISA was done using available commercial
antisera for GRSV/TCSV and TSWYV following the man-
ufacturer’s instructions (Agdia, Elkhart, IN). For AC, a
symptomatic peanut leaf was ground in sterilized bicar-
bonate/carbonate coating buffer, diluted 1:200 w/v, and
incubated overnight at 4 °C. RT-PCR amplification was
performed with two GRSV-specific primers that anneal in
the N gene according to Boari ef al. [4] using an Access
RT-PCR System (Promega Corp. Madison, WI, USA). The
amplicon was visualized by gel electrophoresis, ethidium
bromide staining and UV transillumination. Positive (Ag-
dia, Elkhart, IN) and negative (healthy peanuts) controls
were used in serological and molecular assays. Once the
GRSV infection was confirmed, total RNA was isolated
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from fresh leaf material using the CTAB method [19],
including one precipitation with 0.5 vol of 10 M lithium
chloride (LiCl) before sample incubation overnight at -80
°C. The amount and quality of the RNA were checked
using a spectrophotometer (NanoDrop, Thermo Fisher
Scientific, Waltham, MA, USA) and agarose gel elec-
trophoresis. An aliquot of 0.1 vol of 3 M NaAc pH 5.2 and
2.5 vol of EtOH was added to the total RNA extracted,
which was sent to Fasteris Life Sciences SA (Switzerland)
for processing and sequencing of the small RNA fraction
using an [llumina HiSEq 2000 Genome Analyzer. Deep
sequencing of small RNAs is a technique that has suc-
cessfully identified known and unknown viruses with high
fidelity using short reads [6, 8, 30]. The raw data were
processed to trim adaptor, barcode and low-quality regions
using the software clean_reads 0.2.3 [3]. Cleaned reads
between 19 and 27 nucleotide (nt) long were assembled de
novo using the software package Velvet 0.6.04 [31] with
the following parameters: k-mer (hash) length of 17,
cov_cutoff=auto and exp_cov=auto. The origin of indi-
vidual contigs was identified by BLASTn and BLASTx.
The cleaned reads were also mapped against the most
closely related genome sequence available from GenBank
using the ngs_backbone 1.4.0 software [3]. A whole-gen-
ome consensus sequence of the GRSV isolate was deter-
mined with the SAMtools mpileup command [11]. The
bam files that were obtained were visualized and analyzed
using Tablet software [16]. This consensus sequence was
used to fill the gaps within the gene sequences in the
assembled contigs. Open reading frames (ORFs) were
determined using the NCBI ORF Finder program (http://
www.ncbi.nlm.nih.gov/gorf/gorf.html), and the aa sequen-
ces were predicted from the DNA sequences using the
online program Transeq (http://www.ebi.ac.uk/Tools/st/
emboss_transeq). All of the genes of the Argentinian
GRSV isolate were compared to those of other tospoviruses
for which complete sequences are available in the Gen-
Bank database. The nt and aa sequences were compared by
multiple sequence alignment using the ClustalW option of
the MegAlign program (Lasergene software, DNASTAR,
Inc., Madison, WI, USA). Dendrograms for the different
genes were constructed using the MEGA 6.0 software [24],
using bootstrap values for 1,000 replicates to assess the
support for clustering of each gene.

In silico analysis of deep-sequencing data allowed us to
obtain the sequences of every gene coded by the genomic
RNAs of the GRSV Argentinian isolate, here called
GRSV-AR. De novo assembly generated 413 contigs with
a median coverage depth of 71.19, using 6,684,792 of
12,376,739 reads. Of these contigs, 38 belonged to tospo-
viruses, with 19, 14 and 5 corresponding to the L, M and S
RNA, respectively. Blastn and Blastx analysis revealed that
the most closely related genome was the natural reassortant


http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://www.ebi.ac.uk/Tools/st/emboss_transeq
http://www.ebi.ac.uk/Tools/st/emboss_transeq

Coding-complete genomic sequence of groundnut ringspot virus

2313

LsM1Sg (NCBI accession no. HQ644140/1/2), which was
used as a reference to match the cleaned reads. The L, M
and S segments were obtained by mapping 2,636,174,
403,433 and 1,239,129 reads, respectively, with an average
coverage of 10.65. This strategy allowed us to determine
the sequence of almost the entire genome, except for some
portions of the IGR of the M and S RNAs.

The GRSV-AR isolate showed a genome structure and
organization similar to that previously described for tos-
poviruses [18], with an A/U-rich IGR separating the two
ORFs of the M and S RNAs. The consensus terminal
5'UCUCGUUA3'nt sequence at the 3’end and the
5’AGAGCAAU3Y at the 5’end were present in all three

genomic segments. The L RNA of GRSV-AR had a single
ORF of 8625 nt in length, encoding an RdRp protein of
2874 aa. The M RNA had two ORFs corresponding to the
NSm and GPp genes of 912 nt and 3402 nt in length, whose
encoded proteins had 303 aa and 1133 aa, respectively. The
S RNA contained two ORFs of 1404 nt and 777 nt,
encoding the NSs and N proteins of 467 aa and 258 aa in
length, respectively. The complete nt sequences of the
RdRp, NSm, GPp, NSs and N genes were obtained, and
they were deposited in the GenBank database under the
accession numbers KT972590-KT972594.

Each coding region of GRSV-AR was compared with
those of other GRSV, TCSV and TSWYV isolates that have

Table 1 Percentage of nucleotide (nt) and derived amino acid (aa) sequence identity in the GRSV-AR genes compared with other related

tospoviruses

Virus isolate Accession number Origin/host RNA L RNA M RNA S
RdRp NSm GPp NSs N
nt aa nt aa nt aa nt aa nt aa
GRSV-AR KT972590-94 Argentina 100 100 100 100 100 100 100 100 100 100
peanut
LcMtSa HQ644142-40 USA 96.8 989 925 964 912 964 974 991 973 992
tomato
GRSV AF513220/ Brazil 954 954 969 985
AF513219 tabacco
GRSV-Cb AF251271 Brazil 96.8 98.8
cubiu
GRSV-SA-05  AF213673/AY574055/ South Africa 953 984 950 979 96.7 972 952 957
IN571117/ peanut
S54327
TCSV- HQ700667 Brazil 822 93.6
AB8900-2-3 tomato
TCSV-BR-03 AF213674/ AY574054 Brazil 924 957 920 96.6
tomato
TCSV-V1-3 AF282983 Brazil 93.1 964
tomato
TCSV AF282982 Brazil 839 87.6
tomato
TCSV- DRF1  KJ399303 Dom. Republic 835 873
bean
TCSV-DRSP1  KJ399304 Dom. Republic 835 869
chilli pepper
TCSV-T36-H  JX244198 USA 83.7 87.6
tomato
TCSV-OH13 KM610235 USA 83.0 87.6
tomato
TCSV 10-10- KP172480 USA 84.0 88.0
14 annual vinca
TSWV-PAO1 KT160280-82 USA 783 8.5 787 868 765 815 781 821 782 799
pepper
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been completely sequenced (Table 1). For the RdRp gene,
the GRSV-AR isolate exhibited 96.8 %, 82.2 % and
78.3 % nt sequence identity to available sequences of

GRSV, TCSV and TSWYV, respectively. However, the
deduced aa sequence identities were higher than 90 %
when compared with TCSV isolates. The percent identities

Fig. 1 Phylogenetic 100 —— KT972590 GRSV-AR
reconstruction of GRSV, TCSV 1 HQ644142 GRSV-TCSV
and TSWV genes, using the RdRp gene
neighbor-joining method in HQ700667 TCSV
MEGA 6.0. Accession numbers KT160280 TSWV
of sequences from GenBank and
isolate designations are included T
for each gene, with the isolate )
studied in this work (GRSV- KT972591 GRSV-AR
. . 81
AR) underlined in each tree. 97 —| -
GRSV-TCSV corresponds to AF513220 GRSV
the reassortant LgM1Sg. The AF213673 GRSV
bar represents the number of  AF282983 TCSV NSm gene
substitutions per base .
99 E AF213674 TCSV
46 HQ644141 GRSV-TCSV
KT160281 TSWV
0.02
AY574055 GRSV
AY574054 TCSV GP gene
100 L HQ644141 GRSV-TCSV
KT160281 TSWV
S |
0.05
g{: KT972593 GRSV-AR
HQ644142 GRSV-TCSV
NSs gene
JN571117 GRSV
KT160282 TSWV
| e |
0.02
46~ JX244198 TCSV
721 KJ399303 TCSV
97 1L k4399304 TCSV
51 Lkp172480 TCSV
L KM610235 TCSV
‘— AF282982 TCSV
N gene
§54327 GRSV
9 AF513219 GRSV
SE —— KT972594 GRSV-AR
30 _|_— AF251271 GRSV
36 HQ644140 GRSV-TCSV
KT160282 TSWV
0.02
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of the GRSV-AR genes present in the M RNA were higher
than 90 % when compared with other GRSV and TCSV
isolates for both nt and aa sequences. The NSs gene had nt
and deduced aa sequence identities above 96 % when
compared to other GRSV isolates. No comparisons to the
NSs gene of TCSV could be made due to the lack of
sequence information available in GenBank. Finally, when
N nt sequences were compared, identity values with GRSV
isolates ranged between 95.2 % and 97.3 %, whereas with
TCSV isolates, they ranged between 83.0 % and 84.0 %,
and they were less than 80 % with the TSWYV isolate. For
the N deduced aa sequence, values ranged from 79.9 % to
88.0 % when compared with TSWV and TCSV isolates,
sharing the highest identities of 95.7 %-99.2 % with other
GRSV isolates. The nt sequences of the GRSV-AR genes
were analyzed in DNA neighbor-joining phylogenetic trees
in which sequences of GRSV, TCSV and TSWYV isolates
from different hosts and geographical locations were
included (Fig. 1). Genes from the GRSV-AR isolate were
closely related to previously characterized GRSV genomes.
Furthermore, phylogenetic analysis of nt sequences showed
that American GRSV isolates are more closely related to
each other than to the South African GRSV isolate.
Sequences from TCSV and TSWYV isolates clustered in a
separate clade.

The nt and deduced aa sequence similarities, together
with the results of phylogenetic analysis, indicate that the
virus studied in this work (GRSV-AR) is an isolate of
GRSV. However, it is interesting to note the high level of
sequence similarity between the genes of the M RNA of
GRSV and TCSV. GRSV-AR showed aa identity values for
the NSm protein between 95.4 % and 98.4 % when com-
pared to other GRSV isolates. When the protein sequence
was compared to TCSV isolates, these values ranged
between 95.7 % and 96.4 %. The same was observed for the
glycoproteins (GP), whose sequences were 96.4 % to
96.6 % identical to those of TCSV isolates and 97.9 %
identical to those of other GRSV isolates. These values,
above 90 %, are consistent with results obtained by Silva
et al. [20] and Lovato et al. [14], who reported 96.7 % and
92 % identity between NSm and GP aa sequences of TCSV
and GRSV, respectively. Londono e al. [13] also found
high percentages of identity (94 %-95 %) between the nt
sequences of the M RNA of GRSV and TCSV isolates. The
low genetic diversity present in the M segment of both
viruses was also brought to light with the discovery of a
viral isolate that was considered a reassortant between
GRSV and TCSV [28]. In the phylogenetic analysis, both
GRSV and TCSV genes clustered in separate clades.

Our results confirm that GRSV and TCSV belong to
different species and support the hypothesis that the GRSV
and TCSV M segment likely comes from a common
ancestor, and it may be subjected to a negative selection

pressure, probably because such aa sequences are crucial to
maintain protein functions.

It is important to point out that the NSm protein par-
ticipates in processes related to cell-to-cell and long-dis-
tance movement in the host [10, 22], whereas the Gn and
Gc glycoproteins encoded by the GPp gene are involved
in the infection of insect vectors and in subsequent
transmission by thrips [7]. This aa sequence so important
that a single point mutation can abolish virus transmission
by insects [21]. These facts, combined with the coordi-
nated co-evolution between thrips vectors, tospoviruses
and their plant hosts [2, 23], could explain both the high
level of homology between GRSV and TCSV in the M
RNA and the relative prevalence observed for each virus
when their geographical distribution was studied. To date,
except for LgMt1Sg in Florida, South Carolina and New
York (USA) [29], no reassortants between these two
viruses or other different tospoviruses have been reported.
This may be attributed to the fact that previous studies
have not focused on that aim, and surveys were conducted
on the basis of serological tests or amplification of a
specific genomic segment. In order to clarify this point,
an extensive survey should be carried out that is focused
on the detection of mixed infections in plants under nat-
ural conditions and on the complete genome analysis of
tospoviruses reported in Argentina and other cultivated
areas of the world. This work adds to our understanding
of the mechanisms of evolution of the members of the
genus Tospovirus.
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