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Abstract

Barley yellow dwarf disease is one of the most important problems confronting cereal production in Iran.
Barley yellow dwarf virus-PAV (BYDV-PAV) and Cereal yellow dwarf virus-RPV (CYDV-RPV) are the
predominant viruses associated with the disease. One isolate of BYDV-PAV from wheat (PAV-IR) and one
isolate of CYDV-RPV from barley (RPV-IR) were selected for molecular characterisations. A genome
segment of each isolate was amplified by PCR. The PAV-IR fragment (1264 nt) covered a region
containing partial genes for coat protein (CP), read through protein (RTP) and movement protein (MP).
PAV-IR showed a high sequence identity to PAV isolates from USA, France and Japan (96–97%). In a
phylogenetic analysis it was placed into PAV group I together with PAV isolates from barley and oats. The
fragment of RPV-IR (719 nt) contained partial genes for CP, RTP and MP. The sequence information
confirmed its identity as CYDV. However, RPV-IR showed 90–91% identity with both RPV and Cereal
yellow dwarf virus-RPS (CYDV-RPS). Phylogenetic analyses suggested that it was more closely related to
RPS. These data comprise the first attempt to characterise BYD-causing viruses in Iran and southwest
Asia.

Barley yellow dwarf disease (BYD) is one of the
economically most important viral diseases of
cereals worldwide (D‘Arcy and Burnett, 1995). It
may cause significant yield losses in major cereal
crops like wheat, barley, rice, maize, oat and rye-
grass. BYD is caused by a complex of viruses in the
family Luteoviridae. The most common of these
viruses are Barley yellow dwarf virus-PAV (BYDV-
PAV) and Barley yellow dwarf virus-MAV
(BYDV-MAV) in the genus Luteovirus, and Cereal
yellow dwarf virus-RPV (CYDV-RPV) in the genus
Polerovirus (D‘Arcy et al., 1999, 2000). The gen-

ome of these consists of a positive sense single-
stranded RNA molecule with six open reading
frames (ORFs) (Miller et al., 1988, 2002). ORF3
encodes the major coat protein (CP) of about
22 kDa, ORF4 encodes a 17 kDa movement pro-
tein (MP), and ORF5 is translated with ORF3 to
form the read through protein (RTP), which is
needed for aphid transmission (Chay et al., 1996).
The viruses are vectored by at least 25 aphid spe-
cies in a persistent (circulative) manner and are
limited to the phloem tissues of infected plants
(D‘Arcy and Burnett, 1995). Many isolates of
BYDV/CYDV have been cloned and sequenced
(especially the CP region) from all over the world,
which facilitates design of primers for virus
detection, finding the correlation between amino
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acid residues and biological characters, a better
understanding of the complex epidemiology of the
viruses, designing resistant transgenic plants and
other means of control (Miller et al., 2002). Re-
cently, BYDV-PAV was divided into two separate
species, BYDV-PAV and Barley yellow dwarf
virus-PAS (BYDV-PAS), based on the nucleotide
sequence of the CP gene (Mayo, 2002). In addition,
the isolates of BYDV-PAV could be separated into
two major clusters (Bisnieks et al., 2004).

BYD was first reported in Iran in 1988, and
BYDV-PAV was found to be the predominant
serotype of the BYD-causing viruses on both cul-
tivated and non-cultivated cereals in all regions
(Rastgou et al., 2004b). In order of decreasing
prevalence the following viruses were also
detected: CYDV-RPV, BYDV-MAV and Rho-
palosiphum maidis virus (RMV). Among the
aphids transmitting these viruses in Iran, Rhopal-
osiphum padi was the predominant species fol-
lowed by Schizaphis graminum, R. maidis and
Sitobion avenae (Khatabi et al., 2004b). Because of
the importance and prevalence of BYD in Iran and
the absence of molecular information on causal
viruses, molecular characterisation of Iranian iso-
lates of BYDV-PAV and CYDV-RPV was found
necessary. In fact, there is no sequence information
published for BYDV/CYDV from this part of the
world, and only a few CYDV-RPV isolates have
been cloned and sequenced worldwide (Miller
et al., 2002). Therefore, the objective of this study
was to determine the partial sequences of Iranian
isolates of BYDV-PAV and CYDV-RPV and to
study their relationships in comparison to other
isolates in the family Luteoviridae.

An isolate of BYDV-PAV was obtained from
wheat (Triticum aestivum) with yellowing symp-
toms in Shiraz. CYDV-RPV was isolated from a
barley plant (Hordeum vulgare) with distinct yel-
lowing and dwarfing symptoms in the field in Ei-
dge (Fars province, southwestern Iran). The
viruses were identified by double antibody sand-
wich enzyme-linked immunosorbent assay (DAS-
ELISA) as previously described (Henry and
Francki, 1992) using local (Khatabi et al., 2004a;
Rastgou et al., 2004a) or commercial (Bioreba,
Switzerland) polyclonal antibodies.

BYDV-PAV was transferred and propagated on
oat (Avena sativa cv. Coast Black) using R. padi.
CYDV-RPV was maintained by repeated aphid
transfer on A. sativa cv. Clintland 64 with R. padi

nymphs. Aphids were fed on the infected plants for
a 2-day acquisition feeding and then transferred to
healthy oat seedlings at 1–2 leaf stage. After an
inoculation access period of 5 days, the aphids
were killed with an insecticide spray. The inocu-
lated plants were kept at 18 �C in a growth
chamber (Halbert et al., 1992), and after 10 days
were tested by DAS-ELISA. The infected tissues
were collected four weeks after inoculation,
ground to a fine powder in liquid nitrogen and
kept at )60 �C. BYDV-PAV and CYDV-RPV
were purified as described by Habili et al. (1987)
with some alterations (Khatabi et al., 2004a;
Rastgou et al., 2004a). Genomic RNA was iso-
lated from purified virus as previously described
(Robertson et al., 1991).

The central part of the CP gene (533 nt) from
BYDV-PAV and CYDV-RPV can be amplified by
reverse-transcription polymerase chain reaction
(RT-PCR) using the primer pair Lu1/Lu4, which is
general for luteoviruses (Robertson et al., 1991).
The sequences of specific primers for BYDV-PAV
(BYDV-1: 5¢-GTTCTGCCTCAACATCGGAT-3¢
and BYDV-2: 5¢-AATAGGTAGACTCCTCAAC
A-3¢) and CYDV-RPV (CYDV-1: 5¢-GTCCTTA
GATCCAATGGCAAT-3¢ and CYDV-2: 5¢-CAG
CTATCTGAAACCAGTAGA-3¢) were kindly
provided by Professor W.A. Miller (Iowa State
University, USA). RT and PCR were performed
subsequently in two steps. In the RT reaction, 2 ll
of purified nucleic acids (0.2 lg), 2 ll of specific or
degenerate reverse primers (10 mM) and 8.5 ll
DEPC-treated water were incubated at 85 �C for
5 min. The mixture was chilled immediately for
5 min on ice and 7 ll of the solution was used as a
template for RT. The RT mixture contained 5 ll
5�RT buffer (100 mM Tris–HCl, 50 mM Triton
X-100, 50 mM MgCl2), 2.5 ll dNTPs (10 mM),
1 ll of MLMV reverse transcriptase (25 u ll)1,
Roche, Germany), 0.5 ll RNasin (50 u ll)1,
Roche) and 9 ll of DEPC-treated water. The RT
mixture was incubated for 1 h at 42 �C. PCR was
run in a total volume of 25 ll containing 3 ll
10�PCR buffer, 2 ll MgCl2 (50 mM), 2 ll
dNTPs (10 mM), 0.2 ll Taq DNA polymerase
(10 u ll)1, Roche) and 2 ll RT reaction. PCR
with primers Lu1 and Lu4 were subjected to 35
cycles of denaturation for 1 min at 94 �C,
annealing for 1 min at 45 �C, and extension for
1 min at 68 �C, as well as a final extension at 68 �C
for 10 min. The thermal cycling scheme for reac-
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tions with primers specific for BYDV-PAV or
CYDV-RPV was as follows: 2 min at 94 �C, 40
cycles of 30 s at 94 �C, 45 s at 60 �C and 1 min at
72 �C, and a final extension at 72 �C for 10 min.
Amplification using specific primers for the CP
gene of BYDV-PAV (primers BYDV-1/BYDV-2)
and CYDV-RPV (primers CYDV-1/CYDV-2)
resulted in the expected sizes of 744 and 719 bp,
respectively. Using the degenerate primers Lu1
and Lu4, a product of 1264 bp was obtained for
PAV-IR, while the expected size was 533 bp. This
was probably caused by mis-priming during RT or
PCR.

Amplified products were purified via the PCR
DNA Purification Kit (Roche) according to the
instructions of the manufacturer. The PCR prod-
ucts were inserted into a pTz57R/T vector using
Ins T/A clone PCR product kit (MBI, Fermentas,
Vilnius, Lithuania). Recombinant plasmids were
used to transform DH5a competent cells of Esc-
herichia coli, and were subsequently purified using
High Pure Plasmid Kit (Roche). Two clones of
each isolate were sequenced from both directions.
All sequencing reactions were carried out at
Macrogen Inc. facilities (Seoul, Korea) using an
ABI 3700 DNA sequencer (Perkin-Elmer Applied
Biosystems, Foster City, CA, USA).

Sequence identities were verified by a BLAST
search of the GenBank nucleotide database (http://

www.ncbi.nlm.nih.gov/blast). Nucleotide and pre-
dicted amino acid sequences were aligned, analysed
and compared with those of other virus isolates
from the family Luteoviridae that were available in
GenBank (Table 1) using CLUSTAL W (Thomp-
son et al., 1994). Phylogenetic analyses were carried
out using Phylogenetic Analysis Using Parsimony
(PAUP), version 4 (Swofford, 2002). The distance
matrices for the neighbour-joining analyses were
calculated using the Kimura two-parameter model.
The results obtained from the neighbour-joining
analyses were further assessed by parsimony anal-
ysis. Essentially the same topologies were obtained
with both methods. The robustness of the internal
branches of the trees was estimated by bootstrap
analysis using 1000 replications.

Sequencing of the cloned RT-PCR products
revealed that the longer fragment of PAV-IR
contained parts of the CP gene (ORF3; nt 1–526),
the MP gene (ORF4; nt 1–428), and the RTP gene
(ORF3 + ORF5; nt 1–1264). PAV-IR showed the
highest nucleotide identity (97%) to PAV-P from
USA (Ueng et al., 1992) and PAV-JPN from Ja-
pan (D85783). A high identity (96%) was also
found with PAV-4 and PAV-b from France
(Papura et al., 2002), as well as with PAV-ILL
from USA (AF235167). The amplification product
of RPV-IR consisted of parts of the CP gene (nt 1–
495), the MP gene (nt 1–366), and the RTP gene

Table 1. Name, origin and description of isolates used in this study

Virus isolates Abbreviation Accession number

Determined in this study

Barley yellow dwarf virus-PAV-Iran PAV-IR AY450454

Cereal yellow dwarf virus-RPV-Iran RPV-IR AY450425

From database

Barley yellow dwarf virus-PAV-P PAV-P D11032

Barley yellow dwarf virus-PAV-JPN PAV-JPN D85783

Barley yellow dwarf virus-PAV-ILL PAV-ILL AF235167

Barley yellow dwarf virus-PAV-13 PAV-13 AY040343

Barley yellow dwarf virus-PAV-b PAV-b AY040344

Barley yellow dwarf virus-PAV-4 PAV-4 AF391101

Barley yellow dwarf virus-PAV-FHv2 PAV-FHv2 AJ007492

Barley yellow dwarf virus-PAV-FHv1 PAV-FHv1 AJ007491

Barley yellow dwarf virus-PAV-Aus PAV-Aus X07653

Barley yellow dwarf virus-PAS-129 PAS-129 AF218798

Barley yellow dwarf virus-MAV-PS1 MAV-PS1 D11028

Cereal yellow dwarf virus-GPV GPV AF216863

Cereal yellow dwarf virus-RPS RPS AF235168

Cereal yellow dwarf virus-RPV-Aus RPV-Aus AF020090

Cereal yellow dwarf virus-RPV-NY RPV-NY D10206

Potato leafroll virus-Pol PLRV-Pol X74789
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(nt 1–719). RPV-IR had the highest nucleotide
identity (91%) to RPV-NY from USA (Vincent
et al., 1991), but showed also a similar level of
identity (90%) to RPV-Aus from Australia (Wang
et al., 1998) and RPS from Mexico (Miller et al.,
2002). Substitutions in the nucleotide sequences
were distributed randomly throughout ORFs 3, 4,
and 5 for PAV-IR and RPV-IR. No insertions or
deletions were found in the nucleotide sequences of
the two Iranian isolates.

A phylogenetic analysis using the CP amino acid
sequences of PAV-IR and RPV-IR, and 25 other
isolates from the family Luteoviridae showed two
main well-supported clades (bootstrap value 100)
correlating with the genera Luteovirus and
Polerovirus (not shown). PAV-IR grouped among
the other PAV isolates in the luteovirus clade

(bootstrap value 100), while RPV-IR was located
in the polerovirus clade together with CYDV-
RPV, CYDV-RPS and CYDV-GPV (bootstrap
value 100). A phylogenetic analysis of 1264 nt
from the CP/RTP region of PAV, MAV, and PAS
(Figure 1a) confirmed the close relationships be-
tween PAV-IR, PAV-P, PAV-ILL and PAV-JPN
(bootstrap value 100). In the phylogenetic analysis
of 719 nt from the CP/RTP region of PLRV,
GPV, RPV and RPS (Figure 1b), RPV-IR
grouped with the RPV and RPS isolates (boot-
strap value 100).

A recent study of the diversity of BYDV-PAV
showed that the isolates of this species could be di-
vided into two groups (I and II) based on the CP
nucleotide sequence (Bisnieks et al., 2004). PAV-IR
was closely related with PAV group I isolates from
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Figure 1. Neighbour-joining analyses showing predicted relationships between isolates from the family Luteoviridae based on the

alignment of 1264 nt (genus Luteovirus) or 719 nt (genus Polerovirus) of the CP, MP and RTP genes. The Iranian isolates deter-

mined in this study are indicated in bold. Numbers represent the bootstrap values out of 1000 replicates. Only bootstrap values

higher than 50 are shown. Horizontal lines are in proportion to the number of nucleotide differences between branch nodes.

(a) Relationships of PAV-IR to isolates from the genus Luteovirus. (b) Relationships of RPV-IR to isolates of the genus Polerovirus.
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other regions of theworld.The result shows that this
genotype of PAV is present also in Iran.While there
was no geographic grouping found for PAV, a
correlation with host species has been suggested
(Bisnieks et al., 2004). PAV isolates from oat and
barley have been placed into group I, while PAV
isolates from grasses and barley have been placed in
group II. PAV-IR was initially isolated from wheat
and then maintained on oat. PAV-IR is to our
knowledge the first PAV isolate characterised from
wheat. A larger number of virus isolates from dif-
ferent hosts needs to be sequenced to verify the
suggested grouping according to host species.

CYDV-RPV has a worldwide distribution
(Lapierre et al., 2004), but so far there is sequence
information from only two isolates: RPV-NY
from USA (Vincent et al., 1991) and RPV-Aus
from Australia (Wang et al., 1998). CYDV-RPS
has been found only in Mexico and California
(Henry et al., 2004), and there is one sequence
available from a Mexican isolate (Miller et al.,
2002). The sequence identity between RPV and
RPS is high in the CP region, but the amino acid
sequence identity for ORFs 0, 1 and 2 is only 41%,
55% and 81%, respectively (Miller et al., 2002).
The sequence information confirmed the identifi-
cation of an RPV-like virus in Iran. However,
RPV-IR showed a similar sequence identity with
both RPV and RPS (90–91%), and the phyloge-
netic analyses suggested that it may be more clo-
sely related to RPS. More sequencing, especially of
the 5¢-end of the genome, is required to further
clarify the identity of this virus.

This paper reports the first molecular identifi-
cation of BYD-causing viruses in Iran and south-
west Asia. Close relationships were found with
isolates of BYDV-PAV and CYDV-RPV/RPS
from other parts of the world. To obtain a more
complete picture of the diversity among isolates of
BYDV-PAV and CYDV-RPV in the region, more
isolates should be sequenced and studied from
different geographic locations and hosts, including
both cultivated and non-cultivated plants.
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