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ABSTRACT: Yellow dwarf disease, one of the most important diseases of cereal crops world-
wide, is caused by virus species belonging to the Luteoviridae family. Forty-two virus isolates 
obtained from oat (Avena sativa L.), wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), 
corn (Zea mays L.), and ryegrass (Lolium multifl orum Lam.) collected between 2007 and 2008 
from winter cereal crop regions in southern Brazil were screened by polymerase chain reaction 
(PCR) with primers designed on ORF 3 (coat protein - CP) for the presence of Barley yellow dwarf 
virus and Cereal yellow dwarf virus (B/CYDV). PCR products of expected size (~357 bp) for 
subgroup II and (~831 bp) for subgroup I were obtained for three and 39 samples, respectively. 
These products were cloned and sequenced. The subgroup II 3’ partial CP amino acid deduced 
sequences were identifi ed as BYDV–RMV (92 – 93 % of identity with “Illinois" Z14123 isolate). 
The complete CP amino acid deduced sequences of subgroup I isolates were confi rmed as 
BYDV-PAV (94 – 99 % of identity) and established a very homogeneous group (identity higher 
than 99 %). These results support the prevalence of BYDV-PAV in southern Brazil as previously 
diagnosed by Enzyme-Linked Immunosorbent Assay (ELISA) and suggest that this population is 
very homogeneous. To our knowledge, this is the fi rst report of BYDV-RMV in Brazil and the fi rst 
genetic diversity study on B/CYDV in South America.
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Introduction

Yellow dwarf disease (YDD) is one of the most im-
portant viral diseases of cereal crops worldwide (Lister 
and Ranieri, 1995). In South America, it occurs in the 
Southern cone countries (Ramírez, 1990) and in the An-
dean countries (Fox et al., 1990). It infects over 150 spe-
cies of Poaceae and reduces the grain yield of crops such 
as wheat (Triticum aestivum L.), barley (Hordeum vulgare 
L.), corn (Zea mays L.), oat (Avena sativa L.), rye (Secale 
cereale L.), and rice (Oryza sativa L.) (D’Arcy, 1995).

YDD is caused by luteoviruses (Luteoviridae) trans-
mitted by aphids (Aphididae). These virus are limited to 
the phloem of plant tissues and cause yellowing or red-
dening of leaves and dwarfi ng. Virus particles are non-
enveloped isometric (Ø 25-30 nm) containing a ss(+) 
RNA genome (Miller and Rasochová, 1997). According 
to the most effi cient aphid vector (in parentheses) fi ve 
virus serotypes was discriminated: RPV (Rhopalosiphum 
padi), RMV (Rhopalosiphum maidis), MAV (Sitobion ave-
nae), SGV (Schizaphis graminum), and PAV (R. padi, S. 
avenae, and others) (Rochow, 1969; Rochow and Muller, 
1971). 

The serotypes have been classifi ed into two sub-
groups: (i) Subgroup I (carmoviruses – like polymerase) 
includes Barley yellow dwarf virus-PAV (BYDV-PAV), BY-
DV-MAV, and BYDV-SGV; and (ii) Subgroup II (sobemo-
viruses – like polymerase) includes BYDV-RMV, Cereal 
yellow dwarf virus-RPV (CYDV-RPV), and BYDV-GPV 
species (Koonin and Dolja, 1993; Miller and Rasochová, 
1997). Nowadays, based on genomic sequences, three 
species are classifi ed in the genus Luteovirus (BYDV-PAV, 

BYDV-MAV and BYDV-PAS), two species in the genus 
Polerovirus (CYDV-RPV and CYDV-RPS) and three spe-
cies were not yet assigned to a genus (BYDV-SGV, BYDV-
RMV and BYDV-GPV) (D’Arcy and Domier, 2005). 

YDD was observed in Brazil in 1929 and their 
etiology defi ned based on symptoms and transmissions 
assays (Caetano, 1968). Survey based on enzyme-linked 
immunosorbent assay (ELISA) identifi ed BYDV-PAV, 
MAV and SGV, in Rio Grande do Sul State (Silva et al., 
2004). Recent studies on host plants and vectors popula-
tion confi rmed the presence of BYDV-PAV, BYDV-MAV 
and CYDV-RPV with predominance of BYDV-PAV in 
Brazilian southern region (Parizoto et al., 2013). In order 
to obtain detailed information on the virus population, 
the molecular identifi cation was performed accessing 
the coat protein (CP) sequence of Brazilian B/CYDV.

Materials and Methods

Virus isolates
The 42 isolates that were analyzed in this study 

were collected between 2007 and 2008 from winter ce-
real crop regions in southern Brazil (Table 1). These iso-
lates were obtained from oat, wheat, barley, corn, and 
ryegrass with typical symptoms (yellowing or reddening 
of leaves and dwarfi ng) or from aphid vectors present 
on these plants. To transmit the virus isolate, aphids col-
lected on wheat were transferred to wheat and aphids 
from other hosts were transferred to oat (because the 
symptoms are more easily seen on oat than on wheat). 
Isolates were maintained on hosts according to Parizoto 
et al. (2013).
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RNA isolation
Plant total RNA was extracted using RneasyTM Kit 

(QIAGEN) according to manufacturer instruction, and 
stored at -80 ºC. The integrity of the RNA was checked 
by 1.5 % agarose gel electrophoresis.

Reverse transcription polymerase chain reaction 
(RT-PCR) 

First strand cDNA was synthesized from total 
RNA using ImProm-II™ Reverse Transcription System Kit 
(PROMEGA). 1.5 µL of the total RNA and 20 pmol of 

reverse primer Yan-R (Malmstrom and Shu, 2004) were 
used in each reaction and processed according to manu-
facturer instruction.

The two sets of primers used for subgroup identi-
fi cation amplify portions of the 3' region of the B/CYDV 
genome corresponding to ORF 3 (CP). Primers Shu-F and 
Yan-R targeting ~ 831 bp were used for the identifi cation 
of subgroup I, and S2a-F and S2b-F (S2a-F for BYDV-RPV 
and S2b-F for BYDV-RMV) with Yan-R targeting ~ 357 
bp were used for subgroup II. Species-specifi c primers 
were used for identifi cation of subgroup I species: the 

Table 1 – Brazilian isolates used in the sequence comparison.

Isolate Accession number Geographic Origin State
Geographical Coordinates 

Host BYDV
Latitude Longitude

PF40_13 JX067816 Passo Fundo RS -28 14’ 01,17” -52 24’ 17,25” Oat PAV
SJ65_15 JX067855 Salto do Jacui RS -29 05’ 21,37” -53 10’ 38,68” Oat RMV
AA67_17 JX067817 Alto Alegre RS -28 46’ 59,19” -52 56’ 14,66” Oat PAV
AA67_18 JX067818 Alto Alegre RS -28 46’ 59,19” -52 56’ 14,66” Oat PAV
SO61_19 JX067856 Sobradinho RS -29 23’ 44,12” -53 02’ 09,94” Oat RMV
AA67_21 JX067857 Alto Alegre RS -28 46’ 59,19” -52 56’ 14,66” Oat RMV
ES68_22 JX067819 Espumoso RS -28 42’ 49,21” -52 51’ 12,92” Oat PAV
TU69_24 JX067820 Tupanciretã RS -29 04’ 06,46” -53 53’ 13,84” Oat PAV
SB72_26 JX067821 São Borja RS -28 40’ 30,66” -55 57’ 46,18” Wheat PAV
SB72_27 JX067822 São Borja RS -28 40’ 30,66” -55 57’ 46,18” Wheat PAV
SM54_31 JX067822 São Martinho RS -27 44’ 15,82” -53 51’ 33,78” Wheat PAV
PL57_33 JX067824 Planalto RS -27 18’ 44,18” -53 02’ 56,61” Oat PAV
STAM46_35 JX067824 St. Antonio Missões RS -28 29’ 22,12” -55 14’ 46,71” Wheat PAV
PX51_43 JX067826 Porto Xavier RS -27 55’ 30,01” -55 08’ 02,67” Oat PAV
STA175_49 JX067827 Santo Angelo RS -28 22’ 27,7” -54 12’ 40,4” Oat PAV
SLG180_50 JX067828 São Luiz Gonzaga RS -28 24’ 27,2” -54 43’ 07,0” Oat PAV
SLG181_52 JX067828 São Luiz Gonzaga RS -28 24’ 27,2” -54 43’ 07,0” Oat PAV
JA184_54 JX067830 Jaguari RS -29 26’ 04,7” -54 43’ 33,4” Oat PAV
PI210_56 JX067830 Pinhalzinho SC -26 49’ 31,0” -53 05’ 44,4” Wheat PAV
TP222_60 JX067832 Três Passos RS -27 27’ 05,6” -53 54’ 45,7” Oat PAV
MA250_64 JX067833 Marialva PR -23 30’ 01,7” -51 45’ 31,1” Oat PAV
PA272_66 JX067834 Palmeira PR -25 29’ 12,8” -50 03’ 58,4” Oat PAV
SMS290_69 JX067835 São Mateus do Sul PR -25 51’ 08,4” -50 45’ 20,5” Oat PAV
RA334_71 JX067836 Ronda Alta RS -27 48’ 05,1” -52 47’ 34,8” Wheat PAV
CA197_73 JX067837 Cruz Alta RS -28 38’ 42,4” -53 33’ 40,4” Oat PAV
CA197_75 JX067838 Cruz Alta RS -28 38’ 42,4” -53 33’ 40,4” Oat PAV
TPA204_76 JX067839 Três Palmeiras RS -27 33’ 56,7” -52 52’ 20,6” Oat PAV
TPA204_77 JX067840 Três Palmeiras RS -27 33’ 56,7” -52 52’ 20,6” Oat PAV
JU241_78 JX067841 Juranda PR -24 21’ 39,8” -52 44’ 57,3” Wheat PAV
CO374_79 JX067842 Coxilha RS -28 11’ 41,5” -52 19’ 04,5” Barley PAV
CO374_80 JX067843 Coxilha RS -28 11’ 41,5” -52 19’ 04,5” Barley PAV
CO374_82 JX067844 Coxilha RS -28 11’ 41,5” -52 19’ 04,5” Barley PAV
CO372_84 JX067845 Coxilha RS -28 11’ 41,5” -52 19’ 04,5” Ryegrass PAV
CH349_85 JX067845 Chapada RS -28 00’ 52,7” -53 06’ 06,0” Wheat PAV
SB366_88 JX067847 São Borja RS -28 41’ 37,1” -55 57’ 48,8” Wheat PAV
AL324_89 JX067848 Abelardo Luz SC -26 37’ 16,3” -52 21’ 29,4” Wheat PAV
PFR286_90 JX067849 Paulo Frontin PR -26 04’ 52,4” -50 45’ 20,5” Wheat PAV
ATS347_92 JX067850 Alm. Tamandaré do Sul RS -28 06’ 54,5” -52 54’ 24,3” Corn PAV
CO373_94 JX067851 Coxilha RS -28 11’ 41,5” -52 19’ 04,5” Oat PAV
RA203_102 JX067852 Ronda Alta RS -27 47’ 23,4” -52 49’ 35,1” Wheat PAV
BG216_105 JX067853 Barra do Guarita RS -27 12’ 10,1” -53 42’ 52,9” Oat PAV
OR266_107 JX067854 Ortigueira PR -24 12’ 12,5” -50 56’ 44,2” Oat PAV
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Nucleotide and deduce amino acid sequences were 
aligned, analyzed and compared with those of the other 
virus isolates from the family Luteoviridae available in 
the GeneBank. For comparisons, the sequences were 
pairwise aligned using the EMBOSS Stretcher Algorithm 
(http://www.ebi.ac.uk/Tools/psa/emboss_stretcher/). The 
nucleotide complete CP sequences of Subgroup I were 
also analyzed by neighbor-joining (Saitou and Nei, 1987), 
performed using CLUSTAL X with 1.000 bootstrap it-
erations. Gaps were excluded from the analysis, and all 
other parameters were set to default values. The phylo-
genetic trees were visualized using the MEGA5 program 
(Tamura et al., 2011).

Results

Forty-two virus isolates collected in southern Bra-
zil between 2007 and 2008 from oat, wheat, barley, corn, 
and ryegrass with symptoms of the yellow dwarf disease 
or injured by aphid vectors were analyzed by RT-PCR 
to confi rm the infection by B/CYDV (Table 1; Figure 1). 
Using subgroup-specifi c primers, 39 isolates were posi-
tive for subgroup I (~831 bp amplifi cation; Figure 2A) 
and three, originating from oat collected in 2007 in the 
central region of Rio Grande do Sul, were positive for 
subgroup II (~357 bp amplifi cation; Figure 2B). 

Subgroup I isolates were analyzed using a spe-
cies-specifi c primer. We identifi ed coat protein product 
amplifi cation from the 39 BYDV isolates as PAV (for an 
amplifi cation of ~590 bp; Figure 2C). None of the iso-
lates produced amplifi cation products following the RT-
PCR reaction with BYDV-MAV and BYDV-SGV specifi c 

primers PAV-F and Yan-R targeting ~590 bp were used 
for BYDV-PAV; MAV-F and Yan-R targeting ~590 bp for 
BYDV-MAV and the pair SGV-R with Shu-F amplifying 
~254 bp for BYDV-SGV. All the subgroup and species-
specifi c primers were described by Malmstrom and Shu 
(2004).

The PCR reaction mixture contained 1 µL of fi rst 
strand cDNA, 1 X PCR buffer, 1.5 mM MgCl2, 200 µM 
dNTPs, 10 µL each forward and reverse primer and 0.625 
U of GoTaq® Flexi DNA Polymerase Kit (PROMEGA) in 
a 20 µL reaction volume. The PCR conditions were set 
to 95 ºC for 2 min as initial denaturation temperature 
followed by 35 cycles of 95 ºC for 30 s, 55 ºC for 30 s 
and 72 ºC for 1 min, respectively, and a fi nal elongation 
step at 72 ºC for 10 min. Amplifi ed PCR products were 
analyzed by electrophoresis in 1.2 % (w/v) agarose gel 
by ethidium bromide staining (10 mg mL−1). To analyze 
RFLP patterns (Du et al., 2007), the RT-PCR products 
generated with YanR and ShuF primers were also digest-
ed with the restriction enzyme HinfI, in a reaction con-
tained 15 µL of PCR product, 5 U enzyme (PROMEGA), 
1 X buffer in a 20 µL reaction volume. The restriction 
products were then analyzed by electrophoresis in 1.5 
% (w/v) agarose gel by ethidium bromide staining (10 
mg mL−1).

Cloning of PCR products
The PCR products amplifi ed using primers for 

identifi cation of subgroups (~357 bp for subgroup II and 
~831 bp for subgroup I) were cloned into pGEM-T easy 
vector (PROMEGA), according to the manufacturer’s 
instructions, and introduced by transformation into Es-
cherichia coli DH5. Plasmid extraction was performed 
using Wizard® Plus SV Minipreps DNA Purifi cation Kit 
(PROMEGA), according to manufacturer instruction. 
The plasmids were also digested with the restriction en-
zyme EcoRI for clone confi rmation.

Sequencing and sequence analysis
Sequence reactions were carried out using Big-

Dye® Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems) and run on an ABI 3700 DNA sequencer 
(Applied Biosystems). One clone per isolate was se-
quenced in both directions using SP6 and M13 prim-
ers. The sequence data were analyzed and assembled 
in the Phred/Phrap/Consed software package using 
default parameters (Phred = 20) (Ewing et al., 1998; 
Ewing and Green, 1998; Gordon et al., 1998). Assem-
bled contigs were manually curated trough analysis 
of individual read peak quality data, over discrepant 
regions.

Sequence identities were fi rst verifi ed by nucle-
otide BLAST (NCBI) search program (Altschul et al., 
1990). The amino acid sequence was deduced for com-
plete CP sequences of subgroup I isolates, which consist 
of 603 nucleotides translated into 201 amino acids. For 
subgroup II, sequences of 119 amino acids were deduced 
from 357 nucleotides of 3’ partial CP.

Figure 1 − Distribution map of Barley yellow dwarf virus (BYDV) 
isolates from the surveyed southern Brazilian cereal crop growing 
regions.
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primer pair, only faint and unexpected fragments were 
amplifi ed. The 831 bp subgroup I amplifi cation products 
were digested with the restriction enzyme HinfI. We 
observed two RFLP patterns (Figure 3). One highly ho-
mogeneous restriction pattern were obtained from the 
digestion of the amplifi cation products from 38 BYDV-
PAV isolates, which generated two fragments of 114 and 
629 bp similar to SB72_27 (JX067822). Only the SB72_26 
isolate (JX067821) showed a different pattern, with tree 
fragments of 114, 286 and 283 bp.

The PCR products amplifi ed using primers for 
identifi cation of subgroups were cloned, sequenced, 
subjected to nucleotide BLAST and EMBOSS Stretcher 
analysis. All the sequences were submitted to GenBank 
under the accession numbers given in Table 1. Multiple 
sequence alignment corresponding to the CP gene were 
used for the production of a phylogenetic tree to estab-
lish the relationship of the Brazilian BYDV-PAV isolates 
and other selected sequences extracted from the NCBI 
database (Figure 4).

The three subgroup II isolates were identifi ed as 
BYDV-RMV with 94 - 95 % of nucleotide and 92 to 93 

% of amino acid sequence identity with the “Illinois" 
(Z14123) isolate. When compared with two other BYDV-
RMV sequences (“Montana” -L12757 and L12758) iso-
lates) they had 79 - 84 % of nucleotide and 75 - 78 % of 
amino acid identity. The Brazilian BYDV-RMV isolates 

Figure 2 – Agarose gel analysis of RT-PCR assays for detection of 
B/CYDV, showing general patterns of the ORF 3 fragments. (A) 
detection of Subgroup I, amplifi ed with Shu-F and Yan-R targeting 
~831 bp; (B) detection of Subgroup II amplifi ed with Yan-R and 
S2a-F and S2b-F targeting ~357 bp. For (A) and (B) M: 100 bp 
DNA ladder (PROMEGA), 1-8: samples analyzed; and (C) pattern of 
BYDV-PAV (isolate SB72_27) identifi cation with specifi c primers. M: 
100 pb DNA Ladder (BIONEER), SubI: Subgroup I, PAV: BYDV-PAV, 
MAV: BYDV-MAV, SGV: BYDV-SGV.

Figure 3 – Hinf I digestion patterns of RT-PCR fragments, amplifi ed 
with Shu-F and Yan-R (~830 bp), including the coat protein gene 
of two BYDV- PAV isolates. Gel codes: M. 100 bp DNA ladder 
(PROMEGA).

Figure 4 – Phylogenetic relationships among coat protein (CP) gene 
nucleotide sequences of BYDV-PAV presented in a neighbor-joining 
tree based on 1,000 bootstrap iterations and rooted with the 
BYDV-MAV designated as the outgroup. Only posterior probabilities 
 0.60 are shown. The sequences of Brazilian isolates in this study 
are labeled with a white bar.
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had higher than 98 % of nucleotide and 98 % of ami-
no acid identity among themselves, the SJ65_15 isolate 
(JX067855) being the most divergent, differing in two 
amino acids from AA67_21 (JX067857) and SO61_19 
(JX067856).

Other 39 isolates were confi rmed as BYDV–PAV. 
The sequence of the CP gene nucleotide average identity 
compared to other BYDV- PAV isolates was higher than 
95 % of nucleotide and 97 % of amino acid identity. All 
of the Brazilian BYDV-PAV were closely related and es-
tablished a very homogeneous cluster (nucleotide and 
amino acid identity between 99 - 100 %, independent 
of locality, year and host). The AA67_18 (JX067818) iso-
late showed three divergent amino acids and other nine 
isolates differing in one amino acid compared with the 
Brazilian isolates.

The SB72_26 isolate (JX067821) which showed a 
different restriction pattern was closely related to other 
Brazilian BYDV-PAV isolates, differing only in four nu-
cleotide and one amino acid from PF40_13 (JX067816). 
The different restriction pattern occurs due to a substitu-
tion of cytosine for thymine at codon 38, which results 
in a prolineleucine mutation. 

The CP nucleotide sequences of PF40_13 Brazil-
ian BYDV-PAV isolate when compared with clades pro-
posed by Malmstrom et al. (2007), showed the highest 
nucleotide sequence identity (98 – 99 %) with isolates 
from the subgroup A2 of BYDV-PAV (excepted when 
compared with French isolates: AJ007491 and AJ007492 
which had 95 and 96 % of identity respectively). The CP 
sequence of the Brazilian BYDV-PAV shared 95 to 97 % 
of identity with sequence of the subgroup A1, 91 % with 
the PAS clade and 82 % with the monotypic variant G4 
(PAV-CN, AF192967) (Liu et al., 2007).

 Discussion

YDD is widespread in cereal growing regions, re-
ducing grain yield (Lister and Ranieri, 1995). Although it 
is not seed-borne, YDD is broadly dispersed by numerous 
aphid species and the virus can infect many cultivated 
and wild grass species (D’Arcy, 1995). The pathosystem 
is complex, with many grass hosts, aphid vectors, and 
virus species that have competitive and synergistic in-
teractions with each other and can be infl uenced by the 
environment (Irwin and Thresh, 1990). In order to un-
derstand one component of this pathosystem, this study 
assessed the genetic diversity on CP gene sequence of 
viruses associated with YDD in wheat-growing areas of 
southern Brazil.

The fi rst evidence of the existence of a high di-
versity in virus population associated with YDD in 
Brazil was obtained by biological studies. The authors 
indicated the presence of isolates with vector-specifi c 
transmission as well as isolates with vector-non-spec-
ifc transmission by R. padi, R. maidis, S. avenae, M. 
dirhodum and S. graminum. There was also variation 
in symptom severity for vector-specifi c isolates, which 

indicated pathogenic variability in the 1970s (Ramír-
ez, 1990). In the 1990s, studies on virus population 
were carried out using ELISA to identify the virus. 
These studies indicated the occurrence of BYDV-
PAV, BYDV-MAV and BYDV-SGV in Brazilian samples 
(Webby et al., 1993) which was also observed in the 
2000s (Silva et al., 2004). In Argentina, serological 
tests demonstrate the existence of fi ve BYDV species: 
PAV, MAV, SGV, RPV and RMV, and BYDV-PAV was 
the most common species (Truol, 2002). The diversity 
of B/CYDV species in Argentina indicated that prob-
ably other species may occur in wheat-growing areas 
of southern Brazil. 

The PCR used in this study allowed the detection 
of two subgroups and the identifi cation of subgroup I 
species. Of the 42 isolates tested for identifi cation of 
subgroups, three were positive for subgroup II and 39 
positive for subgroup I. They were tested with specifi c 
primers to BYDV-PAV, BYDV-MAV, and BYDV-SGV. All 
of the subgroup I samples were positive for BYDV-PAV. 
None of the subgroup I isolates we tested showed posi-
tive reaction to the BYDV-MAV or BYDV-SGV specifi c 
primer pair.

We compared the nucleotide and amino acid se-
quence of the 3' region, amplifi ed portions correspond-
ing to ORF3 (CP). The separation into species was based 
upon criteria that > 10 % differences at the amino acid 
level for any viral gene product, discriminates between 
species within the Luteoviridae (D’Arcy and Domier, 
2005). All of the subgroup I isolates previously identi-
fi ed by PCR were confi rmed as BYDV-PAV, suggesting 
that this species is predominant in wheat-growing areas 
of southern Brazil. The three subgroup II samples were 
identifi ed as BYDV-RMV. 

Some authors assert that there is a correlation of 
aphid species with the incidence of B/CYDV species. 
Usually, the predominance of the BYDV-PAV and the ef-
fi cient vector R. padi have been associated with epidem-
ics and yield loss in cereal growing areas (Chapin et al., 
2001; Gray et al., 1998). The prevalence of BYDV-PAV in 
Brazilian growing areas is in line with recent indications 
of the predominance of the R. padi vector in the fi eld 
(Silva et al., 2004; Parizoto et al., 2013). A study of the 
predominant species of the virus in weeds in Argentina 
demonstrates that BYDV-PAV, CYDV-RPV, and BYDV-
RMV were the dominant species, which could be related 
to the abundance of R. padi, found to be an effi cient 
vector of those species in transmission studies (Truol, 
2002). The presence of BYDV-PAV and BYDV-RMV and 
predominance of R. padi areas are similar to those found 
in our study.

We also studied the genetic diversity between 
BYDV-PAV and BYDV-RMV species found in Brazilian 
growing areas. Based on sequencing, BYDV-PAV was 
initially subdivided into two subgroups, A and B, with 
about 90 % amino acid sequence homology in the CP 
gene. The B group nowadays has been identifi ed as BY-
DV-PAS and cannot be distinguished from BYDV-PAV 
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by serology, but is differentiated by restriction pattern 
analysis (Bencharki et al., 1999; Mastari et al., 1998). 
Other species could be distinguished after cleavage 
with HinfI (Du et al., 2007). Even though one isolate 
showed a distinct restriction pattern, the 39 subgroup 
I Brazilian samples were confi rmed as BYDV-PAV and 
were closely related (99 – 100 % of amino acid iden-
tity).

The diversity of BYDV-PAV isolates was low con-
sidering that the analyses include isolates from differ-
ent hosts, years, and localities. Coat proteins of PAV iso-
lates within subgroup A ranged from 93 to 100 % amino 
acid sequence identity (Mastari et al., 1998). In the 
phylogenetic analyses, the Brazilian BYDV-PAV isolates 
were more similar to subgroup A2. The phylogenetic 
organization of the subgroup was based on the one pro-
posed by Malmstrom et al. (2007), who considered that 
subgroup A can be subdivided into A1 and A2 and that 
they were not geographically defi ned. While BYDV-PAV 
isolates appear not to depend on different hosts, years 
and localities, BYDV-RMV was found only in oat col-
lected in 2007 in the central region of Rio Grande do 
Sul. 

The prevalence of BYDV-PAV in the Brazilian win-
ter cereal crop regions and the conserved nature of the 
CP gene of Brazilian BYDV-PAV isolates possibly allow 
for pathogen-derived resistance strategies (McGrath et 
al., 1997) for controlling plant viral diseases, eventually 
minimizing yield and quality losses.

We report the identifi cation of subgroups by PCR 
and provide the fi rst genetic diversity study on Bra-
zilian BYDV isolates based on the CP gene sequence. 
These results are novel for this group of viruses in 
South America, because there is no study of phyloge-
netic relationship of local viruses in comparison with 
other isolates from the Luteoviridae family. Despite the 
limited number of isolates, we found two B/CYDV spe-
cies, and the prevalence of BYDV-PAV in the southern 
Brazilian cereal crop region. This prevalence was previ-
ously determined by ELISA. The genetic variability be-
tween BYDV-PAV isolates is low, indicating the preva-
lence of the A2 subgroup of BYDV-PAV. This is also the 
fi rst report of BYDV-RMV species in Brazil. 
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