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Rhabdoviridae. Yellow striate, affecting maize and wheat 
crops in Argentina, is an emergent disease that presents a 
potential economic risk for these widely distributed crops.

Maize (Zea mays L.) and wheat (Triticum aestivum L.) 
are two of the world’s main cereal crops, along with rice 
[1]. Argentina produced an average of 36.5 million tons 
of maize and 11.3 million tons of wheat in 2015/16 [1]. 
These species are affected by multiple viruses from several 
taxonomic groups worldwide, including rhabdoviruses. In 
2012, a rhabdovirus infecting maize crops was reported in 
Argentina. Plants exhibiting shortened internodes, dwarf-
ism, panicle sterility, and a mosaic of coarse and fine yel-
low striation on leaf blades and sheaths had been observed 
in several locations of the main maize production area in 
Argentina since 2000/01. Electron microscopy assays and 
sequencing of a conserved region of the polymerase gene 
demonstrated that the infection was caused by a tentatively 
new cytorhabdovirus, which was named “maize yellow 
striate virus” (MYSV) [2]. In 2015, a rhabdovirus isolate 
closely related to MYSV was reported affecting wheat 
crops. Wheat plants showing symptoms of mild chlorotic 
streaking on leaves, dwarfism, yellowing, and the presence 
of empty and deformed ears have been detected in several 
provinces of Argentina since 2007 [3].

In the present work, we describe the complete genome 
sequence of MYSV, confirm its occurrence in wheat plants, 
and propose to assign it to a tentative new species of the 
genus Cytorhabdovirus, family Rhabdoviridae. For this 
purpose, maize and wheat plants showing symptoms of yel-
low striation and dwarfism characteristic of MYSV infec-
tions were processed, and the viral genome was sequenced 
and analyzed.

Abstract A rhabdovirus infecting maize and wheat crops 
in Argentina was molecularly characterized. Through next-
generation sequencing (NGS) of symptomatic leaf samples, 
the complete genome was obtained of two isolates of maize 
yellow striate virus (MYSV), a putative new rhabdovirus, 
differing by only 0.4% at the nucleotide level. The MYSV 
genome consists of 12,654 nucleotides for maize and wheat 
virus isolates, and shares 71% nucleotide sequence identity 
with the complete genome of barley yellow striate mosaic 
virus (BYSMV, NC028244). Ten open reading frames 
(ORFs) were predicted in the MYSV genome from the 
antigenomic strand and were compared with their BYSMV 
counterparts. The highest amino acid sequence identity of 
the MYSV and BYSMV proteins was 80% between the L 
proteins, and the lowest was 37% between the proteins 4. 
Phylogenetic analysis suggested that the MYSV isolates 
are new members of the genus Cytorhabdovirus, family 
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Provenance of maize virus-infected plant material 
and determination of the genomic sequence. Leaf sam-
ples of five maize plants showing the previously described 
symptoms of MYSV were collected during 2014/15 from 
a field located in Sinsacate (Córdoba province, Argen-
tina). For viral enrichment, 100 g of pooled samples were 
ground with four volumes of extraction buffer (0.1 M Tris-
HCl, pH 8.4). The homogenate was filtered cold through 
four layers of cheesecloth. After centrifugation for 15 min 
at 8000 rpm and 4 °C in a JA14 rotor (Beckman Coulter, 
USA), the supernatant was filtered again and centrifuged 
for 1 h at 25,000 rpm in a SW28 rotor (Beckman). The pel-
let was resuspended in 300 µl of RNase-free water. Total 
RNA was extracted using an SV Total RNA Isolation Sys-
tem (Promega Corp., USA) following the manufacturer´s 
instructions. Total RNA was sent to INDEAR S.A. (Rosa-
rio, Argentina), where it was purified, sequenced on a WGS 
Illumina Hiseq 1500, and de novo assembled using A5 
Pipeline software [4]. The identity of the individual scaf-
folds obtained was analyzed using BLASTn and BLASTx. 
One scaffold showed 71% nucleotide (nt) sequence iden-
tity to the complete genome of barley yellow striate mosaic 
virus (BYSMV, NC028244), with 87% coverage. The frag-
ment of 12,638 nt was used as a reference sequence to map 
the cleaned reads using Geneious 10.0.5 (free trial) [5]. The 
MYSV genome obtained was analyzed to determine the 
quality of the assembly, using the Tablet 0.09.10.30 soft-
ware [6].

Provenance of wheat virus-infected plant material 
and determination of the genomic sequence. The virus 
material was obtained from a single severely affected 
wheat plant (cv. Biointa 3005) collected in Río Cuarto 
(Córdoba, Argentina), maintained since 2013 in the labora-
tory by serial transmissions with the Delphacodes kuscheli 
vector. Total RNA was extracted from leaf tissue of this 
rhabdovirus-infected plant using TRIzol Reagent (Life 
Technologies, USA) following manufacturer’s instruc-
tions. The extracted RNA was sent to INDEAR S.A. for 
NGS sequencing, where it was processed as described 
above for maize. One 12,652-nt scaffold shared 71% iden-
tity with the complete genome sequence of BYSMV (Gen-
Bank NC028244), with 87% coverage. The assembly was 
analyzed to determine its quality using Tablet 0.09.10.30 
software.

To amplify and analyze the MYSV 5’ and 3’ ends, rapid 
amplification of cDNA ends (RACE) was performed [8] 
using 1 µg of total RNA from MYSV-infected wheat or 
maize leaves as template. For 5’ RACE, the specific inter-
nal primer was 5’ GTTAAAGTTCGAGATCACGA 3’, 
nt 12353-12372, and the nested specific primer was 5’ 
AGAGTATAGAGTGTTCGATTG 3’, nt 12401-12421. For 
3’ RACE, the specific internal primer was 5’ TAGCTG-
GCTATCATTAGGGC 3’, nt 299-318, and the nested 

specific primer was 5’ CGCCGGTACTTTATCAAACT 3’ 
nt 260-279. The amplified products were purified using a 
QIAquick Gel Extraction Kit, (QIAGEN) and cloned into 
pGEM-T Easy Vector (Promega, USA). The complete 
MYSV genome sequence obtained from wheat was 12,654 
nt long (GenBank accession number KY884672) with an 
average global coverage [7] of 1490.96X. From maize, the 
length was 12,654 nt with an average global coverage [7] 
of 466.10X (GenBank accession number KY884303).

The complete nucleotide sequence identity between 
the two MYSV genomes was 99.6%, suggesting that the 
two genome sequences correspond to different isolates of 
MYSV. The ORFs from the MYSV genome were identified 
using the Open Reading Frame Finder tool (http://www.
ncbi.nlm.nih.gov/orffinder/) and compared to available 
nucleotide and amino acid sequences using BLASTn and 
BLASTx. The molecular weight of the deduced proteins 
was estimated by the ExPASy Bioinformatics Resource 
Portal tool (http://web.expasy.org/compute_pi/), and the 
transmembrane domains were analyzed using TMHMM 
Server v.2.0 (http://www.cbs.dtu.dk/services/TMHMM/). 
Repetitive intergenic regions in the MYSV genome that are 
conserved among rhabdoviruses were analyzed and com-
pared to those in BYSMV. The three component elements 
of the MYSV intergenic regions (the 3´polyU-rich element, 
the short non-transcribed variable region, and the 5´con-
served element) were identified and aligned using Bioedit 
software in order to identify the repetitive consensus inter-
genic region.

Ten ORFs were predicted in the order 3´ l-N-P-3-4-5-
6-M-G-9-L-t 5´, and the MYSV genome organization 
resembles that of BYSMV and NCMV [9, 10] (Fig. 1a). 
In particular, MYSV proteins 4 and 5 are predicted to be 
translated from a single mRNA in an alternate reading 
frame, a characteristic that is also shared with BYSMV, and 
these are the only two viruses in the family Rhabdoviridae 
reported to have this feature [9].

The first ORF is 1296 nt long and encodes a putative 
nucleocapsid protein (N); the second ORF is 879 nt long 
and encodes a putative phosphoprotein (P protein); the 
third ORF is 546 nt long and encodes a putative protein 
3; the fourth ORF IS 372 nt long and encodes a putative 
protein 4; the fifth ORF is 219 nt long and encodes protein 
5; the sixth ORF is 318 nt long and encodes the putative 
protein 6; the seventh ORF is 504 nt long and encodes a 
putative matrix protein (M); the eighth ORF is 1431 nt long 
and encodes a putative glycoprotein (G); the ninth ORF is 
156 nt long and encodes protein 9; and in the last position, 
the polymerase protein (L) is encoded by ORF 10, which is 
6171 nt long (Fig. 1a).

The nucleotide and deduced amino acid sequences 
of individual ORFs from MYSV genomes of the two 
isolates were compared using BLASTp analysis. The 
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maximum nt sequence identity was 99.8% between the 
ORFs 7 of the two MYSV isolates, and the minimum 
was 99.2% between the ORFs 3. These results strongly 
support the hypothesis that the MYSV genomes obtained 
from maize and wheat correspond to two distinct isolates 
belonging to the same virus species. Higher heterogeneity 
at the nucleotide and amino acid level has been reported 
for isolates of other species of plant rhabdoviruses, using 
the N gene [11, 12] and the L gene [12, 13].

As shown in Fig 1b, the MYSV genes are separated by 
conserved repetitive gene junctions, which are character-
istic of members of the family Rhabdoviridae, flanked by 
3´ leader and 5´ trailer sequences. The consensus sequence 
determined for all intergenic repetitive sequences of both 
MYSV isolates was the same as that reported for BYSMV 
[9], although the regions between some pairs of genes dif-
fered considerably between MYSV and BYSMV. The 
intergenic regions showing differences were between the 3’ 
leader and the N gene, M and G, G and 9, 9 and L, and L 

Fig. 1  a. Schematic representa-
tion of the genomic organiza-
tion of MYSV. Arrows represent 
ORFs, and bars represent 
intergenic regions. b. Repetitive 
conserved intergenic regions of 
the genomic RNA of MYSV 
compared to BYSMV. *, AAC-
CUUUUCUAUUUUUUGA. 
The highlighted locations show 
differences between the viruses. 
Characteristics of the proteins 
encoded by the MYSV genome. 
TM, transmembrane domain 
predicted by CBS Prediction 
Servers; ND, not detected; 
BYSMV, barley yellow stri-
ate mosaic virus (GenBank 
NC028244)
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and the 5´ trailer (Fig. 1b). The 3´ leader and 5´ trailer ter-
minal regions showed sequence complementarity in 15 of 
the 19 terminal nucleotides in the maize and wheat isolates, 
giving rise to the typical rhabdovirus panhandle structure 
[9].

Transmembrane domains were detected in only two of 
the 10 deduced proteins of the MYSV genome, proteins 5 
and 9 (Fig. 1c). This differs from BYSMV, whose protein 8 
also contains a transmembrane domain [9]. Using BLASTp 
analysis, the deduced amino acid sequences of each ORF 
was evaluated for sequence similarity to annotated proteins 
of the NCBI non-redundant database. ORFs 1 to 10 were 
compared with their BYSMV counterparts. The highest 
amino acid sequence identity between MYSV and BYSMV 
proteins was 80% between L proteins, and the lowest was 
37% between proteins 4 (Fig. 1c).

A phylogenetic analysis was performed based on the 
complete nucleotide and amino acid (data not shown) 
sequences of the plant rhabdovirus polymerase gene, using 
ClustalW software for sequence alignment and PhyML v 

3.0 software [14] for tree construction by the maximum-
likelihood method with 1000 bootstrap replicates. As 
expected, the two MYSV isolates could not be differenti-
ated based on the L sequences, a highly conserved gene 
that is usually used to define species within the family 
Rhabdoviridae, and grouped together in the same branch 
(Fig. 2). MYSV clustered with BYSMV with a high sup-
port (100) in the genus Cytorhabdovirus, and the previ-
ously reported tree topology for the plant rhabdoviruses 
group was observed [15–17]. A similar phylogenetic study 
was carried out using the N gene sequence, with similar 
results (data not shown).

Based on these results, we consider that the differ-
ences observed largely justify the proposal of MYSV 
being a member of a distinct virus species within the genus 
Cytorhabdovirus, family Rhabdoviridae. Yellow striate, 
affecting maize and wheat crops in Argentina, is an emer-
gent disease that presents a potential economic risk for 
these widely distributed crops. The availability of the com-
plete genome sequence of MYSV constitutes a useful tool 

Fig. 2  Phylogenetic analy-
sis of two isolates of MYSV 
and other plant rhabdoviruses 
(BYSMV, NC028244; NCMV, 
NC002251; LNYV, NC007642; 
LYMV, NC011532; ADV, 
NC028237; LBVaV, NC011558; 
EMDV, NC025389; PYDV, 
NC016136; RYSV, NC003746; 
MIMV, NC011542; TaVCV, 
NC006942; MMV, NC005975; 
MFSV, NC005974; DaYVV, 
NC028231; SYNV, NC001615; 
CoRV, KF812526; OFV, 
NC009609) based on nucleo-
tide sequences of the complete 
polymerase L gene. The phy-
logenetic tree was constructed 
using the maximum-likelihood 
method (PhyML 3.0)
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for epidemiological and biological studies that will contrib-
ute to the design of specific diagnostic tools that will aid 
in defining the real extent of the spread of this disease. In 
addition, our results will contribute to the development of 
management strategies and to the design of genetic-engi-
neering-based strategies of control.
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